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(54) Titie: NUCLEAR MAGNETIC RESONANCE ANALYSIS OF MULTIPLE SAMPLES 



(57) Abstract 

A Nuclear Magnetic Resonance (NMR) probe 
device (20) is disclosed. NMR prove device (20) 
includes a plurality of detection coils (30, 40) each 
operable to detect a signal from a corresponding one 
of a plurality of samples (34, 44) undergoing NMR 
analysis. Also included is a plurality of tuning cir- 
cuits (31, 41, 38, 48) each coupled to one of detec- 
tion coils (30, 40) to tune the one of the detection 
coils (30, 40) to a corresponding resonant ft'equency 
for the NMR analysis of the corresponding one of 
the samples. An electromagnetic shield (22) is posi- 
tioned between a first one of the detection coils (30, 
40) and a second one of the detection coils (30, 40) 
to isolate the first one of the detection coils (30, 40) 
and the second one of the detection coils (30, 40) 
from each other. 
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NUCLEAR MAGNETIC RESONANCE ANALYSIS OF MULTIPLE 

SAMPLES 

CROSS-REiFERENCE TO RELATED APPLICATIONS 

5 The present appUcation claims the benefit ofUnited States Provisional Patent 

Application Number 60/121,869, filed 26 February 1999, which is hereby incoiporated 
by reference in its entirety. 

GOVERNMENT RIGHTS 
10 The U. S. Government has a paid-up license in this invention and the right in 

limited circumstances to require the patent owner to license others on reasonable terms 
as provided for by the terms of the National Science Foundation (NSF) grant number 
CHE 95-31693 under contract number 500-1393-3104. 

15 BACKGROUND 

The present invention relates to analysis of materials based on Nuclear 
Magnetic Resonance (NMR), and more particularly, but not exclusively, the NMR 
analysis of multiple samples. 

Atomic nuclei with an odd atomic mass or an odd atomic number possess a 

20 nuciear magnetic moment. . NMR methods are based on the absoiption 

of radio fi-equency waves by a sampie iri a magneficTield that have atoms with this 
nuclear make-up. By way of nonlimiting example, Molecules iricludihg 'H^'^C, '*F, or 
^ 'P may he analyzed using NMR techniques to provide fast, molecule-specific 
quaUtativeiand quantitative informatipn. Such molecules exhibit resonant frequencies ' ^ 

25 that are sensitive to the molecular fe^iemic^ environment, 'making NMR a useful 
molecular probe, However, .»cis,ting NMR equipment is genetally u^ble to 
satisfactorily analyze more tiian one sample at a time, and cSri^oiidmgly limits 
sample evaluation throughput To provide for more efficient use of NMR resources, 
techniques to increase sample throughput would be desirable. 
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One form of the present invention includes a unique system to perform NMR 
evaluation on more than one sample^at^ a time. Alternatively, or additionally, another 
form of the present invention includes a um to perform NMR analysis of 

5 multiple samples simultaneously. 

A further form of the present invention includes NMR instrumentation 
comprising a probe with a plurality of coils each configured to receive a different 
sample. The coils each include a tuning circuit. These tuming circuits may be located 
external to the NMR magnet and may be electrically shielded fi-om one another to 

10 reduce unwanted interactions. 

In another form, a technique of the present invention includes providing an 
NMR probe with multiple coils each arranged to receive a corresponding one of a 
plurality of samples. The coils may each be timed separate from the others to provide 
for simultaneous evaluation of the samples. The coils may each be coupled to a tuning 

15 circuit having a variable element that is adjusted to perform the tuning operation. For 
each tuning circuit, the coil may be coupled to the variable element by a transmission 
line to provide for remotely locating the variable element outside of the NMR magnetic 
field while the coil remains in this field. In one embodiment, the tuning circuit includes 
two variable capacitor elements remotely located relative to the coil by a transmission 

20 line coupling, and another 2 fixed or variable capacitors coupled either in parallel or 
series, or both, in the NMR magnet before the transmission line coupling to the tuning 
circuit. 

In yet another form, an NMR probe is provided that includes a mmiber of coils 
each configured to receive a different sample. This probe may be incorporated into 

25 standard NMR equipment with only minor modifications to facilitate the simultaneous 
detection of multiple samples. For example, the probe may be arranged to fit into a 
conventional NMR magnet housing and use a common NMR transmitter amplifier for 
excitation of multiple samples. 

Other forms of the present invention include a multicoil NMR probe arranged 

30 for operation in a magnetic field with a predetermined gradient. This gradient is used 
to differentiate multiple samples. The data from multiple coils in the graded field may 
be received by a single receiver and analyzed using one or more procedures to provide 
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the desired differentiation. In one eiribodiment, a two dimensional representation of the 
da:ta is created to better differentiate the sainples. 

Fiirttier fornix, embodiihents, advantages, Benefits, aspects, and objects of the 
V . present invention shall become apparent firom the desicrip^^^^ and figures providi^d 
5 herein. - ' -'^ 
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. BRmP DESCRIPTION OF THE DRAWINGS 
FIG. 1 is apartial schematip view of aN^^ 
present invention. 

FIp. 2 is a partial sectional and schematic view, of a probe device for the system 
. ofFIG. 1:. ; , - . . i/rv'\:. • , 

FIGs. 3 and ,4 are di?igrams Qf prQtpn: eQupled ^^C NMR spectra obtained with 
the sj^stem of FIQ. 1 foj^me^anol aKid acetone, respectively. > Both spectra were 
acquured usmg a smgle 90 degree pulse and the same 50:kHz spectral widths - J ^ ^ 
couplings^ evident in the spectra are |38 Hz for methanol and 140Hz for acetone. 

FIG. 5 depicts NMR spectra for methanol and carbon tetrachloride using the 
system of FIG. 1. . , . .... v.-. ^ 

FIG. 6 is a partial schematic view of a NMR system of another embodiment of 
the present invention. , , . . . : , ^ . .^ ^ ^ , > r; 

FIG. 7 is a partial schematic view of a probe device for the system of FIG^ 6. 

FIG. 8 is a partial sectional and schematic view of the probe device for the 
system of FIQ., 6. ^ ; , - v /-^>j c .o j ■ : • \ . • ^ , 

FIG. 9 is a flow chart of a process for operating the system of FIG. 6; v : 
. 3^Cj. ]0 i$. a diagram illustrating a cpmpcjsite NMR spectrum of mWtipl^ 
H2O/D2O samples obtained with the probe device of FIG. 6 in a substantially 
homogeneous naagnetic field. / ? Vj'[j':[ : \ s , s 

FIG. 1 1 is a diagram illustrating a ^sompQsite NMR spectrum of the same FIG. 
1 0 H20>???P saiijples obtain^ with tiie probe device of FIG; 6 in a graded magnetic 

field. ' [ _ ^.^^ ' . . ' . ... 

..^ ^ .FIG. 12 depicts a to nHiNMR spectnim for 0.5 M' samples of 

rnethanol, acetomtrile, t-butanol, and water in a substantially homogeneous magnetic 
field, aod a second cpmposite -H NMI^ spectrum of these rsamples with a magnetic field 
gradient applied. : ^ : \ 

..FIG. 13 depicts mu^ of the two spectra in FIG. 12^as a function of the 

fi-equency offset to determine sample region fi-equency shifts. j • 

FIG. 14 depicts sepajrated NMR :spectra of each of the samples of FIG. 12. 

FIG. 15 is a flow chart of one procedure for determining sample-specific spfectra 
for the process of FIG. 9. 
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FIG. 16 depicts a composite 'H NMR spectrum for samples of H2O, methanol, 
f-butanol and acetoriitrile (all 500mM in D2O) acquired with the system FIG. 6 at 300 
MHz, 

FIG. 1 7 depicts a series of NMR spectra recorded with different Zl shim 
values to provide different corresponding gradient strengths of 0 mG cm"*, 12 mG cm \ 
24 mG cm -, and 48 niG cm"\ reispiectively, for the siriples of PIG: 16. 

FIG. 18 is a^^flow chairt of toovhdr procedure for 'detemMning sample-specific 
spectra for the process of FIG. 9r ' 

FIGs.Mftr22depictrselected stages 6f the procedure of FIG. 18 as applied to the 
samples of . FIG. 17. - ' - - rv : 

FIG. 23 depicts the differentiated sample spectra obtained with the procedure of 

FIG. 18.^ : ' • . • - • .V^r. - " ^' • 

FIG. 24 depicts comparative stages of reference deconvblution for a methanol 
spectral peak. V ^ ^ . < ^^ ' . ^ ^: ;^ i ; 

FIG. 25 depicts a 2D COSY specftuni of samjpies of 0.50 M ethahol, 1- 
propanol, dichloroacetic acid, and acetaldehyde in D2O without a magnetic field 

gradient..::' - r . ■ ■ - ; •■ • ■ 

FIG. 26 depicts ^the 2D COSYispectmih bf^IG. '25 oWldid with i ^^ient 
shifted spectruni. r . . ^ 1' ^ ' « ; ^ ^ i » ;~ . 3 . • 

FIG. 27 depicts a separated 2D COSY sub-spectrum for l-propahol generated 
fi-bm .the gradiCTt shifted aiidunshiftfed spectra of FIG: 2(Sr . . 

. FIG; 28 ilepicts.a separated 2D COSY sub-spedtruni for ethanol generated fi-om 
the gradient shifted and unshifted spectra of FIG. 26. 

FIG. 29 is a flow chart of a further process for operating the systerh of FIG. 6. 
V FIG. 30 is a diagram of spectral results illusti-ative of the prbe'ess 6f FIG. 29. 

FIG. 3 1 is.a partial schematic view of a NMR system df a further embodiihent 
of the present invention. * ^ ' - 

FIG. 32 is a diagram illustratirig selected operating dhai acterikics of the NMR 
system shown in FIGs. 31 and 33. - . ^ ' • : . . ' 

.FIG. 33.is a partial schematic view of a l^R- system o^ y^t a'fiirther 
embodiment'of the present invention. ' ' * • 
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FIG. 34 is a partial dia^-ammatic view of an NMR system of still a further 
embodiinent of the present invention., x r,. - . : ; i : . 

\ . ^ -^..V^. J ' .... • . 
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. ; DESCRIPTION OF PREFERRED EMBODIMENT 
For the puiposes of promoting an understanding of th^ principles of the ' 
invention, reference will now be made to the embodiments illustrated in the drawings 
and specific language will be used to describe the same. It wiU nevertheless be 
5 understood that no limitation of the scope of the invention is thereby intended. Any 
alterations and further modifications in the described embodiments, and any fiirther 
qjplications of the principles of the invention as described herein are contemplated as 
would noimaUy occur to one skilled in the art to which the invention relates. 

FIG. 1 schematically illustrates Nuclear Magnetic Resonance (NMR) system 1 0 
1 0 of one embodiment of the present invention. Instrumentation of system 1 0 includes 
Radio Frequency (RF) transmitter 12 coupled to power splitter 13. Power splitter 13 
has two outputs 13a, 13b coupled to duplexers 14a, 14b, respectively. Each duplexer 
14a, 14b is operably coupled to a corresponding probe channel CHI, CH2. Duplexers 
14a, 14b pass high-power level RF signals fi^om RF transmitter 12 to probe device 20 
15 via channels CHI , CH2. 

Probe device 20 is removably positioned in sample space 1 5 of NMR magnet 
16. Probe device 20 is configured to place two samples in sample space 15 for 
simultaneous NMR analysis. Referring additionally to FIG. 2, probe device 20 
includes housing 20a that defines probe head 50 opposite base 60. Two detection coils 

20 30, 40 are disposed within probe head 50. Coils 30, 40 are each disposed about a 

corresponding sample holder 30a, 40a. Sample holders 30a, 40a are each arranged to 
hold a different sample, and maintain the samples spatially separated fi-om one another 
within probe head 50: In one embodiment, coils 30, 40 are each provided in the form 
of a helical winding (alternatively designated a "solenoid" configuration herein) about a 

25 glass tube which serves as the corresponding sample holder 30a, 40a. In other 
embodiments, coil 30 and/or coil 40 can be of a different type, including, but not 
limited to a saddle or bird cage coil geometry, and holders 30a, 40a can be configured 
for another container type and/or composition. U.S. Patent Number 4,654,592 to Zens; 
5,323,1 13 to Cory, et al.; and 5,929,639 to Doty provide a few nonUmiting illustrations 
.30 of various types of coil geometry. 

Probe device 20 includes channel circuitry 21 to independently couple each coil 
30, 40 to a different connector 23a, 23b in base 60 in correspondence with probe 

7 
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channels CHI, CIi2, respectively. In other embodiments, probe device 20 includes 
additional coils with corresponding channel.circuitry and connectors to provide more 
than two probe channels. Accordingly, for such embodimaitSi niore than two samples 
can be submitted for simultaneous NMR analysis. , i ; . . -. . 

5 Probe device 20 fiirtter includes grounding plgng 22 covq^led to housing 20a 

and ch^el circuitry 21.. Grouoiding plane;22 is positioned between coils 30, 40 to 
reduce intercoil cross-tall;. Orotunding plane,22 is in the foim.of a plate comprised of 
copper that has a tibtipkness. suitable to operate as sUeldingjto electromaghetically 
decp^plp polls 30,40 frpm each pthsa-., In other embodiments, grounding plane 22 may 
1 0 be of a different form or composition, and/or an electromagnetic shield may be t 
provided, in a different marutier. In still other embodiments, grounding.plane 22 and/or 
an electromagnetic shield may be ab.sent.-. ... . - ■ • ;.• > 

Circuitry 21 includes fixed tuning networks 31, 41 disposed .within probe head 
Fixed tuning networks 31, 41 are^electriGally coupled to coils 30,.40, respectively, 
15 and each belong tp a different probe channeLCHU CH2. Fixed tuning networks 31, 41 
include capacitive elements 32, 42 electricajly cjoimecled in. parallel With coils 30^ 40, 
respectively. Txming netwpjrk 31 includes capacitive elemait 34 electrically connected 
in series with tiie parallel circuit coil 30 and c^acitive element 32; . Tuning network 41 
includes capacitive element 44 electrically connected in series with the paralletcircuit 
20 ofcoil 40 Md capacitive elemrat 42.; .J ; r . ;' " 

; ^.M^^^^y includes coaxal transmission lines 36; 46 and adjustable 

tumng n.etwpFks,38, 48, Fixed twiing network5'31; 41;.are electrically connected to the 
innei: conductor of .^o^xial transmissipnJines 36, 46,, respectively. • Transmission Unes 
36, 46 intercfonnectfixed tuning networks 3.1 i 4rin probe head 50 with adjustable 
25 tuning netvvorks,38, 48 dispose^ in base 60 of probe device 20. Adjustable tuning • 
pet\yorlcs 3,8, 48 include adjustable capacitive elements 38a, 48a electrically connected 
betwee^i the i^iner conductor termination of transmission line 36, 46 in base 60 aiid 

; networks 38, 48 also include adjustable capacitive elements 

38b, 48b be^een connectors 23a, 23b and the termination of the innericonductor of 
30 transmission,lines36, 46, respectively. 

. :^y^\?™;.^9:^^?^i"<5^"<*espreamps I7a, 1 7b; receivers l«a, 18b;^dief6fehce 
fiequency source 19. Pipbe channel^ CHI. eH2 are each, electrically-connected toS 

8 
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corresponding prearnp 17a; 17b and NMR receiver- 18a, 18b. Receivers 18a, 18b are 
electrically coupled to reference frequency source 19 in a standard maniler. Fixed 
tuning networks 31; 41 and adjustable tuiiing networks 38, 48 are arranged to tune to a 
resonant frequency for NMR analysiis of a^nucleus type common to each of the samples 
5 held jji coils 30, 40. During exposure to the magnetic filed generated by NMR magnet 
16, a suit;* Ici-RF: signal from 'tiaasririttCT^^ to each coil 30, 40 excites the 

corresponding samplesr Di^lexef s 14a," l 4b are arranged to roiite the Rip excitation to 
chanhels:CHl, erI2 through crdssed diccle pSir DPiwhile'pfe^ps i7a,' 17b are 
blanked to pr^ijseiit a high iiiput impediaiict/'Crdss^^^ diode pair DP2 iassociated with 
1 0 each channel CH 1 , GH2 provides further circuit isolation ^d pirotection. Typically, RF 
excitatioB is in^ the form of a eorhmoh 90 degree pulse; however; other interrbgatibri 
technique may be alternatively or additionally be utilized as would occur t those 
. skilled in^ the art. > ' I >' .v- . ; ^: >' :u : r '^n^.y::\^. 

^ After excitation, coils 30^ 40 arc also useH to detect S response for the sample 
1 5 contained in it? corresponding sample holder 30^, 461- This response is provided by 
each coil 30, 40 m tm electrical signal aliong the corresponding chaimel CHl , CH2 , 
Preamps 17ai 1 7b are activate to receive the response sigriafe ifroni channels CHlV 
CH2 via 4uplexers 14a, 14b for processing by receivers fSa, ISb in the usuil ' 
manner. t ^ r?: -i..":.-"!: r.' ^ "' - - -^^ • *t: v ; : 

20 Placement of adjustable tuning networks 3^, 48 in base 60 provides for easy " 

accessibility laud a rediiction in tlie^vblunie and complexity of probei head 50. The 
separatetuning netv^rorks:?38, 48 allow each c6il-30,-40 to be tuned itidependeaiUy to the 
desiredresonant frequency; -Typically; for^ach charniei eHl a(hd eH2, this' resonant 
frequency is selected to interrogate the same nucleus type. Fixed networks 3 1 ,41 

25 provide coarse tuning and reduce power losses that would otherwise occur m^^ ^ 

transmission lines 36, 46. Fine adjtistment of the tuning and matching 6f probe circuit 
is accomplished by adjusting the pair of timable capacitors 38a, 48a i^d" 38b, 48b in' * 
each corresponding network 38, 48. Isolation is provided by shielSirig of the individual 
coils and by-appropriate grounding. In paititiilar^ giound plane 22 separkites tiie Wo 

30 detection coils 30, 40 in the sample region (probe head 30), while separate' ' ' * 
compartments house each network 38, 48 atpfbbe base 60. As a VesiAt;'eacii circuit 
tunes independently and cross-talk between coils 3D, 40 is rediiced.' * ^ • * 

9 
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. Coils 30, P. each extend along a corresponding longitudinal axis 30b, 40b as 
illustrated in FIG. 2. Axes 30b, 40b are approximately parallel to each other. 
Alternatively or additionally, cross-talk reduction can be obtained by orienting one of 
the coils 30, 40 relative to another of the coils 3.0, 40 based on coil geometry. By way 
5 of nonlimiting example, by orienting the! longitudinal axes 30a, 40a of the' coils 30, 40 
to cross one another at approximately right angles (90 degrees), cross-talk can generally 
be reduced for a saddle,; s9lenoid,ior other,^g^ cylihdrical''coil configuration. 

jThe experimentally .obsery spectra depicted in FIGs. 3 and 4 illustrate the 
type of data th^t, may be acquired with sy^imt 101 For tMs expierimeiital example, two 
1 0 coils Wjsre provided in the form of a 4 turn::induct6r of solenoid geometry Wrapped from 
20 gauge insulated magnet wire fliat i^ct^ each attached to a glass tube using a common 
epoxy adhesive, This glass tube.was about 30 mm long with about a 4 miliimeter (mm) 
outer 4iarneterXo.d.) and about a2 min inner diameter (i.d.). Each sample was- placed 
in a sealed glassi.tobe having about a :2 n^ a length of abbut 6 riim 

1 5 that \yas positionoi into a corresponding one pf the larger glass tubes. , A nominal 1 1 
^ pic5>fafaj4 (p£) fixed capac^^ used for qach X)f the paiallel capacitive fciemeiitS 32, 
42 (American Technical Ceramics Corp., Huntington Station, NY).:: For this ' 
embodii^ent, a nominal 32, picofarad (pf) capacitor was utilized for ^each element 34, 44 
bet^e^n the network 31, 41 and the transmission line 36, 46, fespectiv 
20 elemgnts 38a, 38b, 48^ of netwpiks:38,;48 were provided in the form df capacitors ' 
havipg a nomin^ly variable range of about:;3; pf tp abojat J Itpf (Voltrbnics Gorporation, 
Denville, NJ). Thf . regions; pf the,pr:oberbase containing the variable capacitors ^were 
electronically isplatejl frpm one Mpther. It was obsen^ed that t did not exhibit 

coupling due to.mutual indiactance. when tuned and matchejd .to the same resonant . 
25 fi-equency; thereby.allowing different .samples to be monitored using a single NMR 

. spectrometer _ , . - v , , . . , , : - ' ' . - 

,For FIGs. 3 and 4,,speqtral data.was acquired at , about 7.4 Tesla and both 
spectra were acquired at the same time in response to a single 90 degree RF pulse fi-om 
the RP transm of 75.44 MHz (cprresponding to 75.440 

30 MHz^for /^C), .In Ais exai?ipl^ twp^spectra were lacquired on two: separate NMR 
receivers. TTie traMmitted RF excitatipn.pulse was ^lit through the power splitter 
^ -^^f ^JP^^Rircuite, Brooklyn NY), and each output frora the power - 

10 
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splitter was routed thfOBgh crossed diades-(to reduce amplifier noise) and subsequent, 
independent duplexer/preamp stages^ / The crossed diode pairs DP 1 , DP2 also iniproved 
signal isolation, reducing interference during^data acquisition. The receivers Svere 
phased locked using a 1 0 MHz referaice signal from the Varim ^ectrometer. - 
5 Simultaneous ,4^^ acquisition was accamplish0d by lisirig Analog-to-Digital (A/t)) 
conversion.-,- •, . '..jS ji. (ii-: '^^jj^--. . >:; . ■• > -. . " ' - 

; , In FIGs. 3 and 4. '.?C NKfil specira of the ^v6-di£ferent samples each' ' 
representing a single. anMyteiCompound were.adqMred'at'tlie same tiirie' in separate, 
discrete detection coils. In one coil, a saiHrple c'f aboitt 4 nl of acetone, is6tbpically 

10 , enriched to §9% at^the metfiyl positio!a ^^aS-detedted (FIG:4). In the other coil, a ' 
sample of "Gjenriched methanol (also 99%) of siinilar size was detected (FIG. 3)! 
-Enriched'cpmpounds'were usied to enhance the signal to fibise ratio for preliminary ' 
. investigations, however, the observed miass^limited senisiti\^Qr was better than that 
typieajjy achieved in standard NMR probes auid is-in line with the sensitivity of siMall 

15 micrQcoik in general. Both spectra of FiGs. '3 and '4 wete acquired Wi&^ 

SOfcHzvspeetral widths: J couplings evident iii the spectra arfeU 38 Hz foi-'methanorand 
140 Hz for apetoije." • ■. >v-i; ; i'' • -i^. 'i f-.r. :'. • 

, . . • R^f^rring next:toi the experimmtail rexainple d&trdspdnding' to'the sp^^ dfFIG. 
, 5, the samp experimental set-sup was used' as that describ«iYor the spectra of PIG^; 3 

20 and 4., In FIG. 5. 4 yl samples'of methanol ('^C^ 9'9%)'andcaii>6h 'tetraciWt)M^ ("C,^' 
99%) Were.evaiuated cbrre^Onding to'Sj^TOtra W, 80. 'Each-^ectrTi!n" 70, 80 is tke ' 
resultiof a-single acquisition tising a l O^ts, 90^<le'^%e pulse and a transmitter power of 
about 3 watis measured at th^i outpiit 6f RF transniittei- 12? Spebtrimi'Tb shows the 
proton spin-coupled '^C-methdnol quartet at 503 ppm relative 'to I MS . ' The J- " 

25 coupl'mg is 1 4 1 Hz and the iihewidth ik ai^proxiihately 9.i Hz Full' WidtJi lialf ' " ' 
Maximum (FWHM). Spectmm 80 shows a '^C singlet from carbon tetrachloride at 96 
ppm relative to TMS, with ^ line width of approximately 10.7 Hi (FWHM)! No 
.:.evidence of crosstalk was present in theispectra, even after 'siinalaVraagiiig (l6o 
averages, not shown) was performed, to bettbr tiian Tpercentof the sigiia miemity; 

30 jln an alteraative embodiment of system 1 0, 'a single receivW may ise utilized 

that is switchedibetwfeen channels CHI and eil2 tb acqu^e'c^ta?" C^bire^hdingiy^ a 
single computer can b'e'used to operate the spectrometer atid'^ ad^uirewk'^ignzi's'fro^ 

n 11 
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different samples by using a multichannel analog to digital (A/D) converter. The 
selected frequencies of the transmitter anjd receiyerrmay vary: according the particular 
application as would occur to those skilled. in the art. Further,:the RF transmitter, 
duplexers, receivers, and associated connections of system 10 may otherwise be 
5 arranged as would occur to those skilled iii the a^t without departing from the spirit of 
the present invention. In oth^ embqdim^ntsi other qoil types. and geometries maybe 
utilized, and/ojr tiie coils ms^y be di£fesrentlyr8k.e^ in alt^iiative embodiments, including 
the.microcoil variety. Ais herein, ;a .'*nucTocoir' has a maximum diamet^ of no 
more than about l .milliniet^;(nmi)^ In.stiU.other emfoo^diments; more than two samples 

1 0 may be evaluated shnultaneoiisly in the ;S£une NMR probe by adding, coils suitably, 
decoupled by appropriate ground plapes, shielding,. and/or coil orientations, wifliJ 
corresponding.tunmg CTOui^, duplexers^ associated connections, and (optionally) 
receivers in accordance with the teachings of the present invention. Alternatively or 
additionally, RF excitation may , be. provided to each sample from a different source 

15 than the detection coil, such as a dedicated excitation , coiL ■ . ; ' 

FIG. 6 illustrates system 1 10 of another embodinierit of the present invention. 
For systeni 110, niultiple S3mples^e.:differ(e^^ by applying a magnetic field ^ 
gradient. When a magnetic iield with a gradient component is. ^plied, samples in . 
different regions of sp^e experience diff^en^^ fields. A spatially dependent 

20 frequency offsetis mtroducedbj^tl^^ geld gradient that is uniqueto each 

properly positipned sample. The appliqation:of field gradients allows for the signals 
from multiple samples tQ be .detected : using only a single receiver. Accordingly; 
difiTerentiation of spectra for multiple samples can b^e determined from a two ^ 
dimensional representation^ with the first, dimension. providing the spatial information 

25 and the second diniOTsion providing spectral information. By < ' 

technology witti NMR microcoils, a substantial number of samples, limited oiily^by the 
usable region of the l^IMR magnetic field, can be simultaneously analyzed. - 

. System 4. 1 0, includes ,NMR spectrometer instrumentation 1 1 1 operatively 
coupled to. processor 119 and rerrioyable probe device 120: As depicted in FIG. 6, 

30 probe device 120 is disposed ;in. sample^ space ,115 of NMR .magnetic field source .device 
1.16. Fuxthermpre^ probe device 12Q is:coupIed to sample controiinstnimentationl22. 
:IvI>4R spectrome includes a controllable RF transmitta ls and 
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NMR receiver 118 coiiimottly coupled . to probe device 120 by probe channel PCI. 
NMR spectrometer insti-jmentation 11 1 also includes controller 1 13 to control the 
operations of RF transmitter 1 12 arid receiver 118 and to provide an interface with 
processor 119. . ■ • : ' . ' . • • \ ■. ^ .. . 

5 Processor 11 9 and the constituents of instruihentation 1 1 1 (such as transmitter 

112, controller 1 13, and/or receiver 118) may be-«6mpri^ 

integrated to. automatically proce&'i-Eiimlifer bfsa^ Altera^vely, one or more 
components of system;! 10 may be rembtiely locatfed Relative to the othCTS,' aiid/or may 
be configured to optionally provide remote^ontrbl of miR processing with system 

10 1 10. In one embodiment, processor 119 is in the form of a'desktbp P^nal Computer 
(PC) programnried to perform the various indicrited^operations; and includes vaiious 
ii^ut devices, such as a keyboard'and/Cf mouse; and various output devices, such as a 
graphicdisplay, printer, and/or plotter: Foi i ihis embodiment, ihstnunehtation 1 1 1 is in 
the form of a standard NMR spectrometer Uiat provides spectral data to processor 1 19 

15 by portable disk and/or a hardwired interface: - • i 

Jiistrurnentation 111 also includes magnetic field adjustment confr^^^^^ 
Control 1 1 7 is operatively coupled to magnetic fisld source'! 16 to regulate ■ 
homogeneity of the magnetic field generaterfriHgamplespace 115 todsel^tively 
introduce one or mor&field gradients along a Selectted-direction 'and/or of a selected 

20 magnitude in sample ^ace 115; Cohtror U T^'cdri be ah integral-part instrumentation - 
1 1 1 , canjbe iri tJie fonn of one or mbre separate "dperSitor-adjustkble devibes attached to- 
magneticfield source device- Ijl 6; a Gombinatioh-i)f tifese; of suchcbther anangraient as 
would occur to those skilled in tlie' art. . .' i : 

, . : . Referring additionally-torFIG:-?,. finther details of prbbe device 120 are 

25 illustrated. Probe device 120.includes probe circuitry 121 with four ■ - ' 

excitation/detection coils 130a,.130b, 130c, 130d (cbllectively designated detection 
coils 130) electrically connected in parallel. Each coil 130 is of a solenoid' gebmetry. In 
one embodirr ent, one or more of coils 130 are formed using the teclmiques described in 
D. L. Olson, L. Peck. A. G. Webb. R. L. Maefin arid J: V. Sweedlef. Science! ino ' 

30 0 99511967, and A. G. Webb and S. C. Gr ant. J: Magn, Res6tf.B: 113 (imfi) vithi^h 
are hereby incorporated by reference. In other' embodiihesits, a different coil g^niefry 
such as a saddle.br bird cage type„may be utilized for one or tnore bf "c6ils-130. Each 
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coil 130^ 130b, 130c. 130d is disposed about a sample holder 1323, 132b, 132c, 132d 
(collectively designated sample holders 132), respectively. ^Each sample holder 132 is 
in the form of a tube that is open at opposing ends and carries^the : coiteisponding coil 

.. .130. ..v- :.: ■■• ■•: ■ • .' 

Referring .also to FIG, 8, sample holders 132 are mounted in U-sHaped yoke 1 52 
connected to I>iobe basel^O, The opposing- ends of sample holders 132- are eadi in 
fluid co^m^iunicatipp^dth a pair of sample conduits 436a,; VSeb (coll^tiveiy dfcsignated 

, , sanaple jCM^nduits 136) that, are connected to sample, controliiiistrumentation 122: In 
coopera^on iJwai ,5ang)le.cpntrol instrunjentetion 122, saii^le holders 132a,' 132b, 132c, 
132d are each arranged to selectiyelytreeeiye: a corresponding fluent sample i 34aj 

.134b, 134Cj 134d (collecliyely desigiiated^samples 134). Samples 134 may be changwi 
frpin timp-tp^lune through the correspondingj)air of conduits 136a, I36b without 
removmg probe deyice 120 from sample'Space llS. Accordingly,'the degree of 
likelihopd diat ^djiistments will need to bis madevbetween sample intertogatioiisls 
reduced, potentially iiicreasing thro];ighput... Also, a higjier throughput 'iriay be r^aliized 
comp?u-ed. to standard NlVfK. equiprnent that only tests one saimple at a timer Thii ■ 
^^P^^.^^W^^'y^^^ exc*3nge arrangement is alsb suitable for petfoimiiig vanbiii 
complex molfcular analysis techniques, .including but not liinited^ 
Electrop^oresis,(GE), an4Xiqui4 PwomQtography:](ILG) NMR (tC-NMR). • - • 
Probe circuitry 121 includes tuning network 140 with adjustable capacitor • 
elements 142.^d 144. .Adjustable capacitor elanent M23is electrically conhected in 
parallel Mdi,coils4 30. Ca5acator«lemenl 144as-elecMljally coimecte^^ 
parallel qi^uit of coils BO ^^d capacitor element 142, iWd the inner condurtor of 
coaxial transniission line 146, The outer shield condtfctoi* of transmission line l%6^is 
connected to ground along with a node common to coils 1 30 and capacitor elernent ' 

J42. As shown in FIG. 8, the opposite endibf transmisisibh line 146 terminates in a 
BNC copn^tor J 23 to couple with ;pr6be channel PGl (see FIG: 6^^ '■ ■ ' 

intercoimection of timing net>vork J.40 to coils 13Q is not illustrattti in FIG. 8 to • ' 
preserye clarity,. . ^. . . ... ^ 

Tuning network 140 provides for tuning to a resonance frequoicy appropriate 
for JSIJypi.intcarrogation of saniples;134 and is located in adjacent prbbe b'ase' 1 60 at the - 
bottom of yoke 152. Probe base 160 is threaded to receive a threaded housing 150.' 
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When tiu-eaded togsther, probe base 1 60 and housing 1 56 define fluid chamber 1 66. 
Chamber 1 66 is arranged to. optionaily receive arid contain a susceptibility matching 
fliiid to ftuther improve resolution of spectria':dete^^ 

The flow chart of FIG. 9 depicts representative stages of process 2 1 0 to perform 
5 NMR analysis of samples i 34 with system li 0. ' Process 2 1 0 starts^ With stige 2 1 2. In 
stage 212y.sample.controlinstnnnentati@^^^ is utilized to loifd samples 134 iftto 
hold^ 132;yia;cQndmts 136ai,-md'vflush-43utany preW via cSndmts' 136b. 

AftCT samples 134:arQ:lpaded.into holders 132^a generally hbmdg'e^^Wiimgii^^ field 
is applied in sample Spacp llS.withrmagjietic soarce-dfevicse f 16 mid samples 134" are 

10 excited an,^ropriate RF signal fiom tfgrismittj^ 112 via coils i 30 in stage 2 14. 
During s^age 214, the four regions' cbrrespondihg to coils 130, holddts 132, and saniples 
13^1 experience generally the samemagnetic fieldrfib. Process 2 10' continues witi^ 
stage 216. ^ hi stage 216, the coUective.response of saniples 134lo the RP excitaition 
s*^?^s. are detected with coils 130 and trammittied 'as respoiise^ignals by c6ils 130 to 

15 .. r^^^^y^ W?;*^r aii^^ The cbn-espdnding spectral ;data So bfsiam 134 is^ t ; 
detra;nined fixjniithe coil rcsp,onse;signalsiahd stered'By msthiiiientatioh 1 li aiid/6r' 
processor 11?. Referring additionaUy. to EIG. 30; a"i^mpdsiie spectrum for aflidefitical 
sample. 134 qf HaP/DaO in^eackcbil 132 of piob&'dfevice 120 is iflustratedr This' * 
composite speptrum has a' single peak corre^iiding td a 'single resbnance iii Ihe'^ ' 

20 homogenous fi^ld.;. ! .y-./^;...- •i-^ /v■;•^v 

; to,stage21Sjapiagnetic.fifild 'gradienteomijotatot is ^piied aJong'a veiiktd 
axis 2 (see flG, 8) Aattraye?seSiSaniplesU34 wlianaisjios^ inSampie^ade 1 15. ' - 
When the field ^dient isiapplied, each of thersamijile regions experi'eif6e a field tiven 
by Bb+Gz; X Zj. where Gi is tfecstrength of the linear field gradient and zj is the vertical 

25 position of the i-th sample; iThe^positions zvv Zj, Z3, Z4, of coils 130a,' 130b, 'l 56c, arid 
130d along the z axis are illustrated in FIG: 8 with respect to the lorigittidinarcentei-line 
axis 133a, 1.33b, 133c, 133d of coils 13Gai43Ob;,130c,130d. Gorrespbhdiligly; - - ~ 
magnetic field strength across samples 134 chaiiges Avith position "along the z direction 
and causes different amounts of fi-equency shift in the individual responses of saibiples 

30 134, . In .stage 220, the.ftequency-shifted spectral data S'6 is detenriihedSfrom ^ 

..poirespoiiding coil-response signals^ sitored by inshriiiieritatiorf 11 Pandt'o^ i^roccMor 

119.. ..jj..,;, . . .. . A- . ? ■ I -■•C ^ .-, i; "i 
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Referring also to FIG. 11, a collective spectrum ojF.tbe same sarnples that were 
the subject of the spectrum of FIG. 10 are shp>yn; however, for FIG. 1 1 the applied 
field gradient shifts the resonance frequency of each sample 134 by a different amount 
relative to the single resonance of FIG. 10. Accordingly four different peaks are 
5 observed in FIG- 11 . To gather the data for the spectra of FIGs. 1 0 and 1 1 , probe 

device 20 was centered in device 1 16 by leading four H2C)/I>2Q samples and adjusting 
the linear gradient to separate the peaks from the individual coils. The center was 
chosen as the point at which the topcmd bottom coils.were shifted ^in frequency by an 
equal and opposite amount 

10 . Proces^s, 210 resumes with stag? 230* In stage.230i the data for So and Scis 

analyzed to differentiate the. spectra pf each sample 134 from one another^ising one or 
more various techniques, a few examples of which are as follows. Stage 230 , . • 
. techniques typically utilize frequency shift values associated with each coil 130/sample 
134. Theses values may be determined in various ways and typically are partially or 

15 completely executed biy progra^^ pf processor 119 using spectral data obtamed 
from instiTim^tation 111. One procedure to determine the positibn-dep^deiit- ' " 
frequency shifts begins with the aoqmsitipncof ^two.spectra for a set of identical aiialytes 
having a relatively siinple resonance pattern, such as the H2O/D2O samples. The first 
spectrum is obtained under generally hpmogenepus niagnetic field conditions as in the 

20 case of FIG. 10; and a.second spectrum, is obtained while applying a reproducible, : ' 
knoym fi^ld^dient to the same samples as in the case of FIG 11. The degree of 
frequency shift of the rc^soriance pattern for each samplexanlbe^measured by coniparing 
thepeakpattenisp.f th<? twa^ecfr^ ; 
. frequency shift values pan be prq>ared for^applicatioh to differeiit samples undo- flie 

25 s^e gradpd. arid unladed magnetic, field condi / l ; ^ : 

^ . . One procedm-e to determine the frequency shift experienced by each coil 130 
during the application of the gradient is through comparative measurements with an 
external standard, such as.water, loaded in all coils 132 tmder both differently graded 
magnetic field cpnditions. On occasion, this external calibration may result in small 

30 differences in local plecjromagnetic fields that occur because of susceptibility Changes 
with different solvents pr upon reloading probe device 120 into sample space 1 15. In 
applications where it is desirable to reduce such differences, another procedure 

16 
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determines frequency shifts directly from the original spectruihV So, and the frequency- 
shifted gradient, spectrum; Sg, undergoing analysis. In this case, the shifts can be 
determined by calculating the overlap via mukiphcation of So and So in accordance 
with, eqiiation'(l) ajv follows: - — 

where ^ is the frequency^sMft for an individual coil k; and N is ttie number 6f points in 
the spectrum. ..... 

10 Referring to FIG: 12, m^experimefital NMl^-^^^ spectrum 2304 is illustrated for 

0,f O M:samples..of. water (5=^.7ppm), ackciutrile'(2.0ppm^ methanol (3:3 and 
4.73ppm) and Yibutanol (L2 and 4:76ppni) in D20'ih sepa^^ four-coil probe. 

The spectrum of FIG. 12 \/as obtained without a predetOTiiined ma^etib field gradient ^ 
in sanaple space M5 to coiTespond to ^tttrinri So obtained in stage i215. FIG. li also 

15 includes a frequency-shifted spectrum 230b for tlie sam^e sami>le set m 

spectrram .230av : For specthmi 230b, an^applied gradie^^^^^ of about 48rnG/citt was * 
; prpyided to correspond to spectrum So bbtiained iii^sfegei (if the peaks in 

spectrum 230b shifts a different amount or iu a di^^^ direction iaccbrding to the ' 
position of each individiial coil in*the applied field gradient The dk regioii is' split 

20 intofdur lines duejocontributioiis to this^p^ 

icReferriiig to FIGi lS^ an overlap pldt'bbfdmed by applying equation' (1) to the 
data for spectraf23Ga, 230brof FIG. 12.isilli^^ B'Shbws 
fourmaxuna at thf; frequency, shifts cdn-espdiidmg'to tfiose%r iHi* fo'uf cBils: The 
overlap intensity is proportionaltb the square of the signal aniplitiide in eacK cdilr The 

25 shift values obtained using this method match well with those derived froin the foitf 
H2O/D2O samples described in connection With^FIGs. 10 and 1 1 , but require only two 
measurements (original and. shi fted spectra) as opposed to foiir for external Referencing. 

Once the frequency-shifts of the coils haWbeen' nieasured; sevferal ^p^^ 
can be implemented to assign thi; peaks. One technique whichxari be readily executed 

30 by processor: 1 1 9 isjtb shift .the gradient spectrum Sc arid take its protltict with the 

original spectrim ;So in accordance with equation (2) as* follows:' ' ' • - ' ' 
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. S'(co) = So(w)xSG(tD + Ai) ; : . . ^ . . (2) 

where, S' is the spectrum generated for the ith coil and A is its corresponding frequency 
shift. The results of this multiplicati.on.procedure on the'So and So spfectra of FIG. 12 
are shown in FIQ. 14. In FIGJ4,,speQtnnn 230a is di^licated fof cdihpaiison. Also, 
the sub-3>ectra 23 J.a, ZSlh, 23.1c,23 W are iUusirated Ihal^coirespohd to the^difFererit 
w^er, methanpl, acetpnitnl^ an4 t.l9i{^ol::samples. ''Acctii^e qi^ • 
infoiination can restored for thi^ technique betaking the square oi^the ^nxiuct; 
however, tliis approach may introduce.artifacts when multiplying noisy regions in the 
two spqctra. For apphcatipns whg^ it^is ldesirable to reduce this possibility, then 
anotoer diffe^OTtiation.tTChnique ma 

' . ^® chart of FIGvl;5 depicts one of the other techniques as procekiurb 3 10. 
As in the c^e .of th^ shift idaitification procedure described in cbnridctibn with FIGs. 
12 and 13, and the multipUcation technique described in connection \^ ■ 
processor l i ft may be suitably prpgrammfed to execute procedure 310. Procedure 310 
begins with stage.3 12. In.stage 312. a counter PG is set to 1 (PC=l)r Gouhtef Pt 
coiT^onds to a number of identified peaks detenhined in stage 3'14. A^coil TOimto' CC 
is also se^ to 1 (CC=.l), Aat^co^^esponds;to .thenumbCTof dk*e^^ 130.' Next, ' 

procedure.310 resumes^wifli stage 314.that-geheratcs a tabieofthfe^eaacs Versus 
frequency for the So and Sa spgctra, then processing:lo6p is entered beginmng with 
stage 3.1 6,,^ In stogp 316, fee spe<?]M peaks, of So are 'Shifted by the p^ 
detennin^ frequency shiftifpr.feej^^ Soil GC. Gonditional 3t8 tests^^ 

whether the- indexed peak PG pf the So spectrum siiitiably matches a jpeak of the So 
spectruin..,If there is, a; tentative match, an entry is made in an output peak table in stage 
320 fpr the given indexed ppil CG. Procedure 3 lO reSumes with conditional 322. If ' 
there is no match as determined w.ith conditional 3 1 8, then process 3 1 0 proceed^ 
directly from the negative branch of c<)nditional 31 8. to conditio 

Gpnditipnal 322 tests if the indexed p^ 
spectrum to>.e analyzed. If -the test of conditioiial 322 is negative, flien procedure 310 
contm)i^s-yg.th,stage 324 to increment the:peak counter PG to the next peak 

^^^^?M)v JC9m.stage;324i.proi£?ess 310 loops back to execute *c6hditi6ftal"3i 8 for ' 
this next pe^. ^.^ , , i, •...}■■ ^ ;c- r-- 
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If the test of conditional 322 is affirmati ve, conditional 326 is encountered, 
which tests whether coil CC is the last coil. If coil CC is the last coil (CC=LAST), then 
procedure 3 1 0.proceeds to stage 330 to provide the spectra of the samples 134 is terms 
of the various entries in the output table grouped together foi' each different coil 130. 
5 Stage 330 may also include lo^c-to resolve'toy detected ambiguities or unmatched 
peaks of the So and/^r Scsp^tra.' If coil CC is not the last coil asitested by conditional 
326, process 310 continues wdtbstage;.328ir.In'stagfr^^ coimterlPC is rraet to 

1 (EC^=1), and the coil cpimtCT^CC is ihcremehted to potot tb th'e next coil (Cd==CC+l). 
Proce4ure^^l0.then returns t?j.«tage 316 to. shifttBe So^peaks with'thd-tfequency shift 
10 for tlys^ next coil. Stages 316^ 320, 326, S2&ahd conditionals 5 18; 322, 324 W then 
repeated as the various conditional tests dictate uiitil all peaks of the So spectrum have 
been considered with the fi-equeney shifts of each detection coil 13(5. Once all these 
peal^s are analyzed, then the previously described stage?330 is eribountCTed to provid^ 
peak tables for each coil 130. Procedure 310 then terminates. • ^ 
^ ^ .. ! • jF'Xpei^mental verificatipn lOf procedure^ 10 wais conducted. Fti this " ' ' 

experimental example,- four coils^erS wrapped fi-dm a high purity pdlyurethane^ edited 
> 36r^^ugf cppp^ we (Galifpinia. Fine. Wire Co: GroVei^Beach^ GA) around fiised silica 
capillaries (about 20 mm lpng, ,abQ»ta U6mm.oufer diametar; about a 0.8 mm ir^br 
diameter) whic^ served as, bofl».the.,coil fonn -and saniple ftdlder. ' The mductenCe' of ^ 
20 each coil wa? ^proximately 20 nanohenries (nH). The coils wctc attached to fht' ' . 
c^illary tubes .using a cyapoagrylate adhesive (KKc^y Glue, Bbrdeh^Infc. Coluntbus;' 
019. The. cy?i;8. were configured with foiu-;(4>.tuaig: each-Kavihg aii iniirf di'abeter of ' 
about 1.6 iiun and ,a lengto of about J :0.mm;-:The sknipl^ wei *^ mooted in a tVC 
^ coil holder (porresponding tq yoke l;52),thatheld tiie capillary tubes with an ihtercoiP " 
25 spacing(cpnter.t9^center),of about 3.2 mm.- The entire coil array 'was tidused in a 
remoY^iblePVCcoiitainerthat was: filled with Fluorinert FC-43 " 
Laboratories, Alachua, FL),, a susceptibihty matching fluid that has beeii shown to " ' - 
improve magnetic.field homogeneity by minimizing 'field distortibfe induded by copper 
NMR coils. The PVC jcpiitainer was threaded and employed oaring seafsio'preveht 
30 leakage of the Fluorinert fluid. The coil leads wcrieifcbnriected iii paraflei aiidisuttb the 
same length so.&at the resistance and inductance of eiach of the saiilsWCTe similar.' A ' 
single resonant circuit was constructed using the four parallel coils and noniinagnetic " 

. 19 



BNSOCKID: <WO_00S0924A1J_> 



wo 00/50924 



PCT/USOO/04842 



timablecapacitors(Voltronics, Denville, NJ) totime^^^ The 
variable capacitors were located directly beneath the sample region. With all four coils 
in parallel the circuit has a tuning range ofr-2 MHz centered around 300 MHz and a 
resonant Q of about 60. The coil housing was moimted atop a iiarrow^bof e (about 39 
5 mm diameter) probe body and used a semi-rigid copper coaxial line to connect the 
resonant circuit at the. top of the probe tP a BNC connectofr at the 'base/ To allow flow 
introduction of saniples,vtefl^^^ 2:0 nmi xjuter diameter. Small Parts Ihc*, 

Mianu Shores, FL) were connected to ^^e capillaries using polyolefm hedt-shtiiik 
(Small Payts Inc., Miami .Shores, FL) and sealed with Torr-Seal (Varian Associates, 

10 Palo Alto, CA). ; Samples were loaded: tising a syringe: 
. ThQ probe was centered m . an NM^ 
^and adjusting the linear gradient (Zl shim) to separate the peaks from the individual 
coils. The pent^r was chosen as the point at which^the top andibottom coils were 
shifted in frequency by an equal and^opposite amount. In order to identify the NMR 

15 spectrum as origmating firom a particular sample volume, the external refcrehbe 

procedure was utiliz;ed for this experiment. -Gradient field adjustments were made by 
changing a Zl shim power supply control for a Z-directional gradient coil of ithe NMR 
magnet, The nongrsuled composite sp^trum of the, sani was ^acqiiired with the Zl 
shim set ^t its optimum value, and a secpndispectriim was siibsequeoitly acquired with 

20 Zl ^t to a yalue which results in a predeteimined shift for each sample coil. This shift 
was calibrated beforehand and remained relatively constant for a given coil ■ • 

• .configuraticMi.. '.- r-'^nr--^'- ■■^'''^:':> '^^•■> -'"-^'^'^-^ • ■•••^ * ...... i--^- 

Spectra jwere collected iisin^^ Varian Uhity-Pl'iiis ispecfrometCT operating at 300 
MHz for \H. Typipally, one; or four transients (with Cyclops recei wr phase cycling and 

25 A recycle delay of 5 s) were accumulated for each experiment. A composite • H NMR 
.spectrum is shown. in FIG. 16 for 500 mM samples of H2O (5 = 4;7 ppm), methanbl 
(3.2 and4.7ppm), acetonitrile (1.9ppm), and t-butanol (1.1 and 4'7ppm) in D2O that 
had been loaded ipito separate coils of the flowing sample four-coil i^robe device/ the 
line widthsXFWHM) are, respectively, 3.1 Hz, 2.8Hz, 3.6Hz, and 3.4Hz. Typical 90" 

30 pulse times were 6/is }ising,a transmitter power of roughly 1 Wt The measured mass 
,?ensitiyity,.Sm, (^^^ per TttDolbf ainalyte) was 4200 for the t-butanol peak 

after 1 acquisition, using an apodization of 3 Hz (Sm = 2700 for an aj)odization of 1 
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Hz). Pulse calibration data showed that the four coils have similar 90° pulse lengths 
and RF field homogeneity. It should be. appreciated that the FIG. 12 and FIG. 16 
spectra were based on the, same samples. The peaks of the FIG. 16 spectrum differed 
slightly from the peaks of the FIG. 12 spectrum due to typical variations iii ajuipment 
5 and field settings. . .• •. .'. ' ' 

As discussed above, upon the appli<SE:tidh of a linear field gradient, the NMR 
spectrum of each analyte is drifted' by a value dq)eftaent on its Ibcation in a particular 
sample coil. TJie strength of the gradient wsts adjusted by changing ttie value 6f the 
first-order ^ial (Zl) shim setting by inra-smehts dif 1000 (out of a possible ± 32,000), 
10 corresponding to an increase of flie field gradient strength of roiighly 12 niG cm'' pfer 
increment ; FIG. 17.shows a series of 'H spsfctek obtained with the coils loaded with 
same four samples as for FIG. .1.6,-but now recorded "with different values of the applied 
field gradient. In Fig. 17, spectram 400ads the same as the ^ijectrum of Fid. 16, with 
the .shim value set to 0 mG cm \ Spectium400b of FIG. 17 is prov ided with the shim 
15 value set to generate a gradient of 12 mG cnj ' . "Also in FxG. ;17, spectruih 40dc is 
provided .with the shim valuesetto generate a gradient of 24 mG crn''; and spdcfrum 
.400d is provided with the; shim value set to ganarate "a - 

: . : Each peak is;shifted to a position given by 5Uift=3'iso+ 7 x G^ x ij; where zj is 
the vertical position of the i-jth coil, 7is ttie gyrdmagnetic ratio, and is tlie ^ircngth of 
20 .. the gradient. Gz pan be expressed as k x Zl; where fc is a gradieht'sttength= calibration 
constant which: depends on :the *im hardware aiid . is Telatively cbnstaiit for all fom- 
coils. It can be seen that some of the peaks (water and methanol) move downfield, and 
some more-upfield (acetopitrile andit-butanol) depending on the sample- location 
: relative tp;tlje, gradient. Npte that the overlapping' OH peaks appearing at 4.7 ppm in 
25 spectrum 8a are resolved. by applying the gradient; For this experimental set-up/k was 
determined.to be about 0.012:mG cm-\zr'. Along with the frequency shift, there i^ a 
concomitant increase in the line Vvddth since missetfiiig ZI from its optimar value 
introduces an inhomogeneous field across each sample. The fnagiiitude'&f this *' ' 
broadening is on the order of Gz x d; where d is the diahieter of the capillaHes. In these 
30 experiments, the broadening is roughly 25% of the observedishift introduced by the 

applied gradient;and';is in agreement with the physical dimeaisions iHd sqjaration of the 
czqiillary sampjle.s.. , , /. ' -. ' - -iu,:, ..v. . , v; 
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, The spectra were, phased using Varian's:y>JMR software and converted to a text 
file using a translation program written in C. The spectral text file was then transferred 
to a PC form of processor 1 19 for analysis.. A progfam was writteii to perform each of. 
the first two palysis methods described above, and used as input: the number of coils, 
the frequency shift (A6*) for each cpil.arising fi:om the. applied field gradient, the digital 
dissolution, and a.threshold yalue for peakfpiddn© as -Well as the two spectra: Use of 
procedure 310 result^ in .correct peak assignmeiits'fof ill the! peaks^fibm the four 
sample. . . ••• V- ^. - -r'. r.,: ••, ..: 't 

The flow chart , of FIG, 18 depicts procedure 410 of yet another technique for 
(Ji|rerratiatingt|ie combing spexrtrumtjfdifferent samples 134 in pio^ 120: 
As in the. case of earlier jdescribed^proicedures associated with the execution of stage 
230 of process 21,0, processor 1 19 may be partially or completely programmed to 
execute procedure 410. .Procedure 4 10 . begins with stage 412 which sets the 'coil ' 
counter CC to 1 (CC?=1). Procedure 410 then continues -with a processing lo<ip starting 
with stage 41.f ...In stage 414, the^Scsp^ back-shifted bf the' previously " ' 

deteimined freqiiency shift for the currentlyiindexed coil GC as determihe'd fot-'the ' 
magnetic field gradient applied. This back-shifted speetrUni is designated asVectrum 
SB. hi s^age 41 6,,l}ie back-shifted .?pectrum;SB is subtracted ffom the 'origin^i spectrtun 
^^yP^'J^^^ a difference spectrum So ■ ? Generally, the difiCTc^c^ spectnim So 
infprmatiop fi:o«n samples 134 of all (idilg 130 exc%j)t the 
currently indexed coil GC c^f interest rlh stage 418, he^tive peaks with an absolute 
magj^tude exceeding an-empiric?aiydetermi^ C 
avCTage, are set to zero,to provide a mask spectrum Sm . Proceeding with stage '420 - the 
mask spectt;i«n Sm is applia^^^^ all peaks contributed 

by samples 134 except for the sample 134 of interest in thfe coil 130 indexed as' cdil CC. 

' " . ., Procedure 410 continues \vith cohditi^^^ 422 tests whether 

the currently indexedfCoil CC is the. last coil. ;If the test of eohditiorial 422 is negative, 
then prpcedure 4l0.continues with stage 424 to inafeinerit ti»e coil Counter CC to'the 
next coil, . I^ocedure 410 then loops back to stage 414 to re-ekecute Stkges klA, 416, 
41^^ .and 42avk3th the new coil index C.C. Once the processing loop hto befen executed 
for pa^h^ PoU;:Up, then^thertest of conditionar422 is trite. Coirespondingiy; kfter 
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procedure 41 0 has differentiated^each sample spectrum from the So and Sg spectra, it 
halts. . ... ;. . r .. ^ ■■ -, v.. • 

An experimental example of procedure 4 1 0 is depicted in confaection with FIGs. 
19-23 for the separation of the spectrimi for the t-butanol sample. For this example, the 
So spectrum is.flie spectrum. pf^FIG. 15 witeZl shim of about 0 mO/cm (also 
spectruni 409a of FIG.^ 1?) ap.d the So speptnim is' spdctrum' 400d of FIG.' 17. Fo^'ttiis 
gradient componen^.theshiffcs.A5: forthe^diir b6ils v<^:40.0 Hz' (methanol), -idO Hz 
(acetonitiile), -61.1 Hz (t-butanol), and 91 .0 Hz (water). The experimental s6t-up ifor 
tbe ecpeiMOTtal sample of procedt^^^ as provided fot the 

exper»nental example described in.conndstiofn with pjfbcedufe 310: ' Ih c6rre^ndence 
with stage 4 J4 of procedure 410, the progr^ - for processor 1 f 9 starts by shifting each 
point ^^".in tl^e shifted^spectrum SG't6-5i,*i--^5'; (wh6re is its bridal position in the 
second.spectrum, and AS' is the expected shift for the i-th coil). FIG/ 19-is ^diagram of 
the .resiJting.back-sMflied spectrum S3 obtained by shifting spectrum 400d by this 
predet^iixed-frequency shift, FIG. 20 is a! diagram of a different spectnin Sb 
obtained . by^ subtracting the back^shifted spe^truin Sa' bf FIG.^19 form spectiuii 400a in 
accordmcepwith stage 416,of:pr9cedure 410:' As'cah be obswi^ed; two of the peaks' for 
the sami3le;^fmter;estXtrbutanol),. cancel t>n^^ tfie peaks fiom ^d'other' 

coils are inverted, FIG. -21 is the, mask spectnari Sj;* obtained by seittihg all 'negative ' 
peaks appearing in:the. difiprence spectrum Sb^of FIG. 2(; with atn absolute magnitude 
greater than pr equal to the baspline average to zeK^ 

nG. 22 is a <Ma^ani of the diffeaerctiaTled spectra fte lii^k'' 

spectrum Sm of FI<5. 2?,:.from tjiejbaseline spectrum 4()0a is descrifced'iii cormection 
y^ath st^ge 420 pf procedure 410. In thisrcase; the resulting Spectnim toh^ only 
peaks,dW;to tiiie t-bntanpl sample; ; ^ . <- x : . ^ • ' • 

Referring to FIG. 23, the differentiated sample-spebific spectra deteftnined from 
spectra 400a and,400d with procedure 410 are illustrated: 'In FIG! 23;spectrum 430a'is 
*® ^^^..^ *® composite spectnim.4D0a of FIG: 17 and the spectrum sK'o\Nai in' H^^^^ 
16. Spectrum 430b of FIG. 23 is for the acetonitrile sample' i(p^ak aVl .S> ppm); ' 
Sp^p^rum 430c of FIG. 23 is for tihp water saro.ple water (pjfeak at 4.7 ppth).' Si>ectrum 
430d of FIG. Z? is .fQr.|he t-buteppl saniple (peaks at 4:7 piiin ind-l : l is^m):^ Sp^trum 
430e of FIG. 23 is for the methanol sample (peaks at 4.7 ppm and 3.2 ppm). 
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Stilljanotfier technique to differentiate. a composite NMRspectfiini of different 
samples is to apply reference deconyplution. Referenee deconvolution is performed by 
multiplying the experimental time-domain data (Free Induction Decay data of "FID") 
by the complex ratio "R" of an ideal FID aqd a reference FID. This procedure can also 
5 be,mcorporated into programming for processor ! 19; ;The referencis FID is constmcted 
from the, expprim^atal spectrum by zerii^g all parts of the expenm^tal spectium 
except those ppntainiiig tbe w(sU-jesoly,ed_ reference signal a»d taldng its 'inverse Fourier 
transfqinn. The ideal Fip is similarly generated by ptiacing a sidgle poiiit (delta 
function^.at the pipak of ti^e re^^nence signal and zeroing fee rest bf flie ^ecbum,' 

10 followed by inverse FouriCT tr^fpipation; : The corrected experimental FID is 

calculated by multiplying the expenpental^Fn^^ Fourier^traiisfonnation yields 

the corrected FID. . ..-.^ .•- ■ . " ". i-"' 

;o : ^^^^v^^^tio" is easily incorporaited^ 

implementation, both spectra So and Sc were deconvolved to the same Uhe viidth prior 

1 5 to performance of procedure 41 0. Because of possible nonuiiifoirii line-brdadenihg ' 
across the detection coils 13Q^.use pf.a standard;for each coil is advisable'." Typibaiy,- 
for desired perfprmarice, such a standardtshould include reference peak(^) from each 
coil that, are .well .separated from fee rest of fee composite spectrum arid may be riih ' 
with .the samples or separately, - : i d' .• . : - ■ "'^ ' j ; <; 

'^V^:.?^: dpnionstrates the effect of applying; a refereriee deccmvblutioh to bofe 
fee So and So spectra prior to prppe4we 4iO execution fbr ^'melfiariol peak: The- • 
original, peak in fee So spectrum 500a has a muchnarrdweF line widfe tl^ fee Kone - 
peak in fee? 3o ,q>ectrum,5ppc wife fee'applied:gradient After bofe S© and Sd were- - 
deconvolved to Ix)renztim line shapes wife.2 Hzlinewidfes- as shown in sj)ectra SOOb 

25 and 500d, Respectively, it is apparent feat feeir intensities match much better. As can bb 
seen .from feese results, reference deconvolution facilitates conversion of fee broad 
asymmetric pea^ in.Sq to peaks wife line shapes that more closely fesehible feose in 
^^v -^^^ ^^^^^-^P-^ of FIG. 24 compares fee results of applying procedufe 410 to the 
ni^thanol portion of fee data set^wife and wifeout reference deconvolution. ' • 

30 ,To iinpr9ye fe^ separation of more complex sample spectra frbm acompowte 

spectrum representative ofinultiple samples, multidirtiehsional NMR techniques may 
be incorporated into stage 230 of process 210 (FIG. 9) in ofeer embodunents of fee 
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. present irv^.tion, including, but not limited to two-dimensional (2D) Correlated 
Spectroscopy (COSY). By spreading but the resonances into two or more dimensions, 
highly dense, one dimensional. (I D) spectra can be considerably simplified. In 
correspondence^ v/ith one experimehta! example, FIG. 25 shows the COSY spectrum of 
5 0.50 M Irpropano], dichloipacetib acid^* ethanolj arid ^etaldehyde in D26 each loaded 
into a differeiit sampip coil; This composite cpectrum w^ with a substantially 

hojnogeneous rnagnetic^ field in correspond^ncb with^stiage '2 1 4 o'f process 210. The 
spectrum shows a ni^nber of well resdhred pe^^^ including "fi Ve Cross pisaks. Several 
of the OH peaks »e missing because theythave exchanged with tlie deuterated solvent. 

1 0 In FIG. 26, an overlap of uiishitted arid' gradiisrit shifted' spectra iii the region of 

0-7ppin for .hofJivdimensions u^^ shown. Labeling the coils 

sequentially from top (coil 1) to bottom (coil 4), coil 1 resulted in peaks thai ire highly 
shifted upfield (by about 57 Mz); The coil 2 pe^cs are al^o^ (by about 

27Hz). ^ Jb.e cc- il 3 peaks are chifted somewliat dowrifield (by abo^^^ r2H2), while the 

15 coil 4 peaks are shifted further downSeld (by about 51 Hz). For this case^ the'analytes 
can ;be assigned to their corresponding coils directly frorii the tw6 2D spectra " " 
superin^posed in FIG. 25; /For example, the ahalyfe m coil 1 cdntrntis Wee diagonal " 
peaks at 1 .0, ,1 ^7,.and 3,7-ppm along with^t^o coirelspohding' cross peaks; and is^ ^ 
identified as l-propanol. Note that the OH resonance andxorresponding croks peaks 

20 are missipg due to its exchange with the DiO solvent: The coil 2 peak at 6.5'ppm 
contains no crp^s peaks, and aie identified a^^^ Frbni^e cdii 3 

peaks appearii^g at 1.3 and 3:.8ppm and *he coxrespondmg dit>s3 p6a^ fflis sample can 
be identified as cpntaining ethanoL Tbe.ccil:4:samp^^ peaks at 2:4 

and,9.8pEm, a^ well as tWQco^^^ • - ' 

25 acetaldehyde. In addition, there ^ire two other^diagonal jpeaks at 1 :5 and 5' 4ppto, and 
their cross pe^ks. Since thess.peaks are shifted by the same Wioukt and in the'saine ' 
direction as the acetaldehyde peaks, this species must brigihate from the'^sanie coil, the 
chemical shift of these peaks are identical to the literature values of 2,4;^-triihetliyl-s- 
trioxane, (CH(CH3)0)3, which is a polymer of acetatldehydc, and which cbnstitdtes an ' 

30 impxuity. The final assignments ^re:^ propanol in coil 1 ;-dichlofoacetic'acid in coil 2; 
ethanol.incpil 3; and acetoldehyde. with an impurity m cdir4: ^ ' • :v - i^^v .^r r -: 
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It is also, possible to use the multiplication algorithm to generate separate 2D 
sub-spectra, as was the case for the! spectra described in comiection with FIG. 14. In 
accordance with this procedure, spectrum So is frequency shifted for each coil and 
multiplied with the original spectrum. So £u:cprding to equation (3) as follows: 

/' :.*SUa)i^o)2>^So(cOii«iX^ . t,^ : (3) 

Due to-the bigh^density^of j^^^ alpng.the;diagonal,in :the-2p COSY spectra,. there may 
be significant overlapping of peate t>etweep the back-.^ originarspectra 

10 that gives rise to spuno^s peaks along the subTspectra diagonal. This high level of 
congestion ^ong the diagon^ in 2p spectra fWQuld make it difficult to 'rely on: these 
peaks for coil assignment. However, by instead using the cross peaks, advantage may 
be taka^ of the g^erally high inherent in this type of multidimensiona! 

NMR. The diagonal peal^ of are suppressed in accordanceavith equatiori:(4) as 

15 ^foljows:^. _ ^ > ^--.r-' r^"- • ' ' • .. ' - t v,y>-'' 

This technique sets aU^the peaks within of the diagoixal'to zero, which 

20 does not affect off-diagonal peak^^ long as dds.smaUer than ther smallest J-^oupling 
observed, |ii the spectrum.. Now fee spectnim>cpnsist^ cross peaks fipm 

samples jn the ith coiL-vThe results oCjfeispr6cedur«:are sh0wn^^m FIGs. 27* and 28'for 
two subrspect^^ cpirespond^^^ to^ljprppanpl.and ethanol; respectively:- - ' * ' 
^ , ^One alternative meAod is to, apply pulsed field-gradients' during a poitidn of the 
25 NMR experinient. For i5xaniple, a small pulsed field gradient applied diiring the 
; acquisition time (t2) of the COSY expm 

separate samples are shifted in .^equency along a single frequency axis, in this case F2. 
Alternatively, large pulsed field gradients can be used to generate subspectra in a 
^ differrat^mapiiei;. , A Igrge pulse ^eld: gradient will shift the sample spectra into 
30 cpmpletely differentfrequency ranges such that individual spectra corresponding to the 
individual S2u^ This is accomplished by the application of 

.•{i..;-^.>oi • ^ '/-v ^o;^ ' wv'' . ■.-..>. . *• ' ^ . • 
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a large pulsed field gradient in «)njunGti6h with fi'equency selective RF excitation pulse 
that excites only a single samplfe by taidhg adva&itage of tlie unique frequency 
shift provided by the applied field ^adi^tv * • 

The flow chart of FIG: 29 d^icts process 510 for'determiniiig sample-specific 
5 spectra fi-om a composite spectrum. In stage 612 of process 610 samples 134 are 

loaded into samples ^holders 132 disposed within c6ils 130 and sample counter SC is set 
to 1 (SC=1) with probe device 120 being disposed within sample space 115. 

. From^stage616proctesingJoop> 61^^^^^^ 
stage .61.8: amagnetic:field^ai gradiient'com^^ ^plied. Typically; the 

1 0 magnitude af this/gradient is stifficient to pr&Vid6 a ^hple region fii-eqiienby shift isirge 
enough to $q)arate each sample into 'a different fi^eq^ range. In one lionlimitmg 
ocxample, foi? a. spectral bandwidth of 6000 lcHz (10ppm' for a 60d MHz magiiet) ahd a 
coil separation of about 5mm, a field gradient of 3 gaiiss/ceritin^^ be sufficient 

to provide the desired separation. Accordingly, in stage 620^ ain excitation signal of 
15 fi-equency for fsc-i is provided to excite the indexed sample SC=1. The corresponding 
spectral data is gathered as spectrum Ssc-i in stage 622. Referring additionally to the 
. diagram of FIG. 30; the 'Vith gradient" row provided a schematic illustration of sample 
spectrum Ssc=i at excitation fi-equency fsc=i . For comparison, the **no gradient" row 
includes a schematic of the coniposite spectrum Sfi'foFexc-itation fi-equeiicy fothat^ 
20 -wouldbeohtaned.for aunshiftedmagnetic^fi^^ r • * - " - 

; : Proisess 610 proceeds to conditional 624^^6 determine if ^h¥ fast saihple has been 
intjeitQgat^d. .'J£ the last sampler>has^hot ' - 

contmues with.stage 626. In^^stage 626 thelsaitiple countw SC is increinehted W point 
... to the.next sample (SC=r=2),:theh profcess 610 coiltiriues with stage '618/6^^^^^ 622. 
25 During thisfjxecution of stage 620, a different excitation firequeiicy f§c=2 is' aipplied 

corresponding to the new sairiple SC=2. The second entry oh the'*Svith gradierif ' row of 
.. FIG. 3Q provides a schematic illustratipn of sanSple spectrum Ssc«2^at excitation' '^^ 
fi^quency £sc=2- ^' • ' - -.-"l- - • . 

The execution of stages 618V 620, and 622 continues fot ekch rSmamihg sainple 
30 (SC=3 to SG-IAST), where LAST=?4 for the probe device 

• executionrof loop.&lXfor. the la^ sample 134is'bomplet^, process 610' tertiinates With 
firom the affirmative branch of conditional 624. Because each execution of processing 
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loop 617 excites only a single sample, it can be repeated at a rate faster (typically one 
or more per second) than the relaxation time (typically 10 seconds), permitting a fast 
sequence of data collection for each sample group: As the diagram of FIG. 30 
illustrates, the application of a gradient sufficient to separate each sample in terms of 
5 frequency provides a smprising- way to decompose a composite spectrum (i- e. So) of 
multiple samples. In one embodiment, one or more gradient field coils dedicated to 
specmi sepap^tiQn are included in.system 210 (not-shown) to provide desir^ field 
gradient quaUties forprocess 610. fapflier .embodiments; different g^ 
sources md/or contipl airange^ v . 

10 ?rpcesses 210, 610, md precede 

system UO rMy be cpmbine^^ reordered, deleted and alt^ed as 

\jfould qccur to those skilled in. the ^ Moreover, for 

process 210, the .first magnetic field B© provided in stage 214 need not be siibstahtially 
homogeneous. Instead, in other embodiments. Bo may be a known gradient difference 

15 relative to tl^e field applied in stage 218 that is not homogeneous through sample space 
115. Likewise, sy;stem i 1 0 and one pr mpre of these processes and procedures may be 
combined with one or more isolated tuning network/coil combinations described for 
system 10. Jn still other embodiments, the sampling paralleUsm of syistem may be 
gen^^ly increased asa function , of the size of the homogeneous region of the NMR 

20 magjiet. In one example, for a 7,05 T wide-bore magnet, this region extends over -t 

20mnij. In,an example having microcpilsi capable of acquiring high-resblulion data With 
outer^diarneters on the order of 350.niiprometers (ftm), and accbimting for any • - 
broadening upon application of the gradient, the minimum coil spacing shbuld be on 
9^^^ diameter, Thesfe parameters allow fo^ least 10 microcbils to be 

25 located in thp 20 mm region of the magnet. Such a prcbe would provide for a ^ ^ 

corresponding 10-fold reductipnin throughput, which in conjunction with flow-through 
samples, Mfoul4 represent a significant advance in- high-throughput screening comp^ed 
to,cpij|iyentional single sample NMR techniques. : ' 

> . ' : v^l^- 31 pfpvides a schematic view of NMR system 710 of another embodiment 

30 of the presei^t invpntipn, System 710 includes NMR instrumentation 71 1 with RF 
excitation tr^sipittea: (TXR) 712 and NMR receiver (RXR) 71 8. Receiver 71 8 is 
coupled to probe network 731 by transmission line 736. Network 731 includes coils 
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730a, 730b each disposed about sample holder 732a, 732b, reqaectively. Each sample 
holder 732a, 732b is depicted as the "flOw-thrbugh" type previously described and is 
configured to receive a corresponding sample 734a, 734b. Coils 730a, 736b are each of 
a solenoid configuration wound about a corresponding centerline axis 733a, 733b. 
Coils 730a, 730b are.oriented so that centerline axes 733a, 733b ard approximately 
parallel. .. .• .. . - ; ^: - • ■ • 

■ ; I^ t3^sniitter712.ofinstrumentati6ii 7ri i 
coil 740 to pi!ovide, an RF stimulus signal- tb^samples 734a, 73'4b. ' Coil 740'is wound 
and centered relative to an axis that is geiier^ly-peiperidicuW to the view plane of FIG. 
3 1 and axes733a,..733b. Probe network 731 and excitatioh coil 740 arei air^ged to be 
placed in a magnetic field.siutable toperfdim -N^ For the described 

orientation of coils .730a, 730b,- 740; sampiles 734a, 734b will be exbited generally in- 
phase wi th one another by a suitable RF signal fi-oin coil 740, as designated by the 
common directipn of the arrows in sample holders 73 2^^ ■• 

ftvshouJd be understood that coils 730a, 730b'are electric ■ ' 

other in series. Moreover, coil 730a is wired from left to right and coil 736b is 
oppositely wired from right to left. While samples 734a, 734b in coils 730a, "ziob'^e 
excited in the same phase; with coil 740,. the- opposite \^^iiiding pathways of coil's 730a, 
730b provide a phase offeet in relation to coiresponduiig Sample response signals " 
provided by coils 730a, 730b. When coils 736a;^ 730 are substantiaily similar except 
for the opposite winding pa,thway directionsf, approximately a 1 80" degree'phase 
difference resulte,,proyiding.at:least partial cJmfeellatioh of abypeak' coihmoh to both 
samples 734a, 734b. .• • • ■••>•. ..t ..; . mv.- ■ ; • . •. ■■■■ ■. 

Refeningadditio]tiallyto.the diagram Of FIG. 32, sele^^ 
system 71O are fiirther described. , In FIG.- 32 spectral response S i of coil 730a is' ' 
illustrated that corresponds to the response, of an ariaiyte and solvent mixture 
comprising sample 734a. .Also itlustrated is spectralrespohseSa of coil 736b that ' 
corresponds to sample 734b consisting/of only the solvent of the mixture of s'ahiple • 
734a. Because of the oppQsite phase orientation of coils 730a, 730b, spectral response 
S2 is illustrated as a negative peak. , Accordirigly, fey operation of the seriifl "connection 
between coils JSOa, 730b, spectral responses Si aiid S2 combine to substantially cancel 
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the opposing responses of tiie solvait, leaving, only the analyte in the observed 
. spectrum OS as illustrated in FIG. 32. ^ ; ; • 

Referring to FIG. 33, system :8 10 of another embodiment of the present 
invention.is illustrated. System 81 0 includes a transmitting network comprised of 
5 NMR transmtter 8 12 to selectively provide' an RF excitation signal, a matching 

network 813, and a crowed diode, pair DPI,. Systan 8:10 also includes probe.network 
831..an3pged forplacemaitm am^etic.fi^^ suitable to perfonn l^n^R analysis. A 
; raving network S^lof system 810. inclwies qjossedidiode pair DB2 and.tnmsmission 
line 8^6 tihuat are elecin Receiving network 841 

10 also includes »M^ching,netwpik and NMR receivpr .81 8 that are electrically coupled to 
transmissicND^^ , line 836 opposite probe ,net^ 

P^be netjyork 831 includes coils 83pa, 830b generally arranged to.have- 
mutually parallel longitudinal centerline axes as described in connection with coils 
7?0a, 730b of systCTn JlO. Coils 830a, 83pb are each disposed about. a corresponding 
15 sample holder 832a,. 832b coiifigured tp, receive , a respective!, sample 834a, ;834b. As in 
the case of probe network,731, coils 830a, 830b.are electrically connected in series to 
one. anotiier with respect to receiving network 841; and^saUave opposite^winding path 
directions as described fqr system 710, Accordingly, transmitting, network 821 is • 
pperables to excite samples 834a, 834]b.in parallel with an in-phase relationship as- 
20 ,symbpliz?d.by the arrows in holders 832a, 832b.tHat point in a Qommon direction; 
i however, recdvmg .n€?twork is operable to receive tbe.corrasponding response from 

coils 830a, 830b in series. When coils 830a, 830b are substantially similar except for 
\ .. opposite >vin^g pa&^vay directio^is, approximately a 180 degree phase difference 
results providing at least pj^ial canc^llation pf any resonant frequency cpmmon to both 
25 , samples 8343^ 834b. ., . ,f . ... . , , • r «• • . • - ■ 

As ejcplained in connection with FIG. 32, samples; 834ai;834b can be selfccted to 
reduce the res^u^jljng spectral response of constitueaits common to both samples. . - 
9*^?^!8??VX' ^ solvent suitable to dissolve an NMR analyte of interest provides" . 
undesirable, spectral contributiOT^ Adv^ntagepuslyi-the ability to attenuate or-caricel 
30 , the spectral cpi^lribution of a substaoji^e .cpipmon to both samples:foi:;tbe'"antiparaHel" 
coil con^guratipiis qf.s3^tenMi,710, 81Q,prov^^^ a means to suppress! sol verttrespoiise 
in a solvent/^lyte.mixmrp. As in the case of the previously idescribed systems 10, 
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110; sysienis 710, SlOmay be adapted to iise coils of different geometries. Also, the 
arrangements of systems 7 1 0, 8 1 0 may be combined with the probe circmtry of system 
10 and/or i 10 as would occUr to those skilled in the art; 

FiG. 34 depicts NMK jsystem 910 of still another emboduhent of the present 
5 invention- System 910 includes hOilR inscniinent^^ 1 1 i with NMR RF transmitter 
(TXR) 1 12, coritroUer 1 13, and NMR receiver (RXR) 118 of the type previously 
described iii;cfennectibn with sy^ Likewise; -'isystem 910 1^^ 

processor 119- coupled tc instrumetitatioii 1 11 in tlie'msmfier previbus^^ for 
system 1 10; joistrumCTitatibn 1 11 is electrically coupled tb'pYob^ device 920 by ' 

10 transmission line 936. Probedevii:e 920"is shbvra in'p2^ 

sample space 115 of NMR magnetic fidfigbufce 116 also prieviously described in 
connection with system 110. System 9l0 may furthCT include siiiple co'iifrol 
instrunlentaticm of the type provided in s^^^ ' - 

T : .f -Probe device includes housing 950 extending from base 960: ' Housing 950 

1 5 defines chamber 966 Jiat ;^ntairis sever^ pririted cii ctiit substrates 92 l a, 92 ib, 92 1 c 
(cQllcctively designated circuit boards 921); Each circuit board 921 indludes 
cpnductive.material 922 elec;trically connected t Cdnauctive inateriir 922' is 

arranged to provide suitable electromagnetic shieldiug betvi^een variolis components 
mountedoneach of circuit boards 921 Tin one nonlimiting example; the ^ide of eabh 

20 circuit board 921 exposed to the coinponents of i^other of the circuit boards 921 is^'clad 
with a copper plating timt is grdiuided to serVe as conductive niatetial 92l; ahd proVide 
:a corresponding ground^plaher - ■ ' - •■ * - J:.^t.v:i, ; : : ^. ^ 
* ■ ^Each circuit bo^d 922iur1toer ifidudes'a^^^ 

(collectively designated fcoils 930); rei^pectively.-Cbils 930 axe ^^^^^ arranged to be 
25 disposed about a different sample submitted for NMR analysis analbgoils to the manner 
described for samplesa34 of systemJUO; howeVer;^coils 930 are each mbimted to its 
respective circuit board 922. Circuit boiards 922 further include trinimiBg/tuning 
compdnmts, a few of which are designated by reference iiximeral 9351' Compdrieiits 
935 have selected electrical connections with coils 930 mcI cm W c^^ Adjust 
30 for sm^U diff^ences in coil iiiductahce or resis&ince. ' A<k;ordirigly, coiilpdnfeiit^ 935 are 
. coni^oxily in the form of resistors and/or cap^ciiors, biii iiiay aitemktively br 
additipnaUy includevOlher types as woiild occur to those sldlled In'the art; ^'-^'^^ 
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Each of coils 930 caabe of a solenoidi saddle; or such other coil geometry as 
would occur to those skilled in the art. A longitudinal centerline axis 933a for detection 
coil 930a is illustrated that is, generally parallel to a longitudinal centerline axis 933c 
illustrated for detection coil 930c. Axes 933a, 933c:are-also generally parallel to the 
5 view pl^e of .FIG. 34. In contrast, detection Icoil -9305 has a longitudinal cfcnterhne 
axis that is generally peipendictUar tp.the yi^ plane.of:FIG/34 as r^i^ented by cross 
hairs desjg^ed with reference numeral 933b.: Accotdingly;^is 933b croSs^ axes ' 
9|,3a, 933c at approximj^tely,ngljt,angl^ (90 degr^ 90 degree oriehtatibh of 

one coil 930 to fhe next has been, found; tQ^fiiither reduce undesirable electromaghetic 
10 cojipling between adjacent coils, Probe,device 920 further includes "funihfe drciiit 93 1 
adjacent probe base 960 that el^ctrip^Uy interconnects coils 930 and compdnehts 935 to 
transmission line 936. Coils 930a,: 930b, :930c are eacb disposed abouta'correspoiiding 
sample holder,932, 932b, 932cof ;the/flow-thTough type (collectively designated ' 
holdere 932). Samples disposed. wifein holders'932 and coils 930Teceive-RF eXcitafibn 
1 5 sigpaU from, instrumentation.!.! 1 , and coiresponding response signals are detected with 
instnmientatiqn !11 as^previousl^^^^ , ^ . ' xr^ >;;.:;:t j - 

The arrangement of coils and circuitry in probe device 920 may mclude riiore or 
fewer coils. Alternatively or additionally, dedicated RF excitation cbils iniy be 
.^P^^y^ Systran 910 instead of exclusiyelytrelying on cbils 930 to perf(^^ 
. 20 excitatipn apAdetection. FurthennoiTe, more than one coil 930 pw circuit boa^ 
maybe included and/or one ormore of coilsMO'maybe^nfigutedwith as^ 
isolated turning netwQik as in the case of sj^em tO: €oilk-930 may betionfigu^ed like 
the multicoil prohe circuit of system l lO, system 710 Imd/dr system 810, ju^t to name a 
few.- .■■-<■_:■.■ ,^ "• V. i!--^^rr'=-. i' ^ y . : 

25 . , , Many fiirther emhodinaents of the present invention are envisidned.- For 

instance, ip alternative embodiments, intensity, line width ■ aiid/or multiple infohhation 
may he incorporated in the logic of the various prdcedures ' being used to discriminate 
sample-specific .spectra from one or more comphcated,'6v6rlapping composite spedtra. 
In still pth^^ enibodiments, data analysis)may include liiiear prediction arid digital ' ' 
30 . filtering. Also, alternative embodiments may inqliide ffewer or^i6ore coils; boils of " 
differrat.gepmetries;:diff^ combinations of systeiiis 10; tl0,^i6,' 810,"910;^' 
different combinations of prpcesses:230, 610 and/or procfediires310^410. In fiirUief 
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embodiments, systems:and processes of the present invention are adapted to interrogate 
samples in a solid phase and/or may not include a "flow^through'* sampling 
airangemerit. Also, standard. sample spinning apparatus may be incorporated into tKe 
systems of the present invention using tech^iiques known to those skilled in liie art. ^ 
5 In general, the variQus embodiin^ts of the present iiiventibri provide 

corre^onding techniques; totsimply aiiid cdst^effectively inCTease NMR^saniple 
thrpughput. j^ibodimen includingcthe investigation df Sthiliture Activity 
Relationships (Si^) by N^/IR;.oneas intereste^^ the inoleciiles that 

interact strongly with large proteins; Thfese tnolecules fVpically have significantly ■ 

10 shorter relaxation times thaa other, non-intmcting mdlecules; therefore, by using 

spectral editing methods tp,diserimiuate against^e ndn-^^ molecules, i>arallel 

sample coils. of the present invention may?be used to advantage. In oQier ehibodiniehts, 
probes Jire utilized for process monitoring and/bi control • Furtheniiore, th^ deviatibris- 
fi-om a kncvvn staridaid spectnain according to 

15 the present invention to identify potential problems. ' Moreo ver,' the present inventibn 
includes embodiments having,multi-coil pr6bes for^uiohitdring multiple reactidiis &t 
process^S'in.parallel. /'-l' .^v o ^ 

Other embodiin^nts of tlie prfjsenf apiilications to a brdad ' 

range of problems in analytical ,g^^^ examjild, there is a groWin^ need for the 

20 rapid analysis of; large numbers of ccmpounds in the pharmaceutical iftdustiy to " 
identijfy^po^eritial dr^^ caaididates. .lii,ttds area; Hieteronucldar Miila^^^ Qiahtuin 
^P^^?:^9® ;(9^ cjan :be:applied to investigate SAR: 'S.B. Shuker, P.L 

Hajdulc, R.P. Meadows, S.V/. Fesik^^0ience 274 (1996) I'SS l; arid Pir Hajduk, E.f ; 
Olejniczak, S.W. Fesik, Journal of the American Chemical Society 1 19 (1997) 12257 

25 are cited as sources of additional iriformatipn conceming^JtlMQC tecmiiques! ^ Parallel 
NIvm ^alysis v/ill be advantageous in such an applicaltiori. Ofa anofiier embodiment;; for 
combinatorial chemistry, where large numbers of somewhat similar compoimds are ' 
quiclkly synthesized, a rapid NJ^R; analytical method ^eould be desirable:^ Al^^^^^ ' 
embodiments of the, present inventions iiiclude couplinjg the'stiEuStural'deterr^ 

30 capabiliti^js of NMR with chromatographic separation techniques sucK as'LC-NMR ^d 
CE. Other variations and embodiments of the present inVeAtibri incMe utiliSirig the 
unique NMR pipbe;desigps of the pres€!snt invention with mfcibcoiis, flb wT-^ - 
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probes, nano-volume probes and solvent suppression pulse sequences - such - ^ 
embodiments may also include combinatorial synthetic methods and methods to 
analyze large molecular libraries. . ' 

It is contemplated that vaiioiis.pperations, stages, conditionals, ]|>tocedures, 
5 thresholds, routines, and processes described in connection with fhei pfe^ 

could be altered, rearranged, substituted, deleted, duplicated; tioiijbiaed. or addgd 
would occur to, t|ipse skilled m,the ait^yiliiout departing from thfe spirit of the present 
invention, As used herem, it s^^ spect^^ 'Vj^^le, 

crit^on, c^uiacltOTStic, comparison, quantity, amount,' information,^ value, level, term, 
10 constan^ fla^, stage,.recqrd, tiire^hold, and limit each generally correspond to one 
or more signals witiiin processing eqmpment of the present invention. 

411 references to experiments and nesiilts ai e intettded to be illustrative of the 
present invention and should not be considered limiting or restrictive with regard to the 
scope of the preset iny^tion.. Eurtiiof* any theory of operation^ proof, or finding 
1^ . stat^d,he^in is meant to fi^rther enha^^ miderstanding of the present ihvCTfion and is 
not iritended .to make the scope of tl^e present invention dependerit upon such theory, 
proof,.or finding, All-pii^>lications, patents, and patmt.a|>pacatiorls cited-ih this 
specification are heron incorporated by refertoee aslif «ach individiial publication, 
P^eat, oj patent . plication ^ere q>ecifica]]y. and individually iiidicated'to be 
20 incorporate by pference smd set for& in 

incorporate by jrefeience include,, biit are not lumted to: <1) U.S.«Provisibrial P^t 
- AppUc3tionNu^CT60/l^l,869* filed 2$ February 1999; (2>^H0u, T?; MacNamaia, E.; 
Rafl^, D. Malytica-phirmca Acte^^^^ (1999>2ft7; (3) 3Fish'er, Gi; Williariis, S;; ' 
Raft§ry,p.,An^ytica Ghimioa ij^cta,397 (1999) 9.=.16 ahd (4) FishCT, G.;'Pettuci, C.; ' 
25 Raft^ p, Journal of Magrietic ^Lespnance, 138 (1999) 160-163. Wiiile the invOTfion - 
has been illustrated and desscribed in detail in the drawings and foregoing description, 
the satne is to be corisidered as, illustrative and iiot restrictive in character, it being 
understoo^.that,only. the preferred embodiment has been shown tod descril>ed and that 
all ch^^es^ pcjui valeJits, and modifications that come ^vithin the sjSirit of the irivention 
30 are desired to be protected. ' ^ ^ 
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What i&claimed i£^^ . 5> : c ^ ^ ' ^ • ' 

1. An apparatus, comprising: ^ ' 

; an NMR transmitter to^analyze ai tiumber of samples; 
5 .anumberpfsainpleholderseacfiope^ 

samples for NMR 'analysis;<^:^ ^ ' '^-'o b^'^:r.: * ^ ;rry ; - . » 

. ^ ^iPl^ity pMetectiOT TO^^ - 
corresponding one>ofrthe samples to one ©r^^iiiof e signlils ftom said NJsdR tnmsmitter; 
y an adjustable nwgneticifield source Jh^ spad^ arranged to 

10 receive said ^sample holders, said magnetic field source being opCTablfe tb selectively 
provide: ■ '. -u/:/;': ih^ra \r I. -.^ :t. 

, , r , - , ' a first ma^etic field toigenferatd a first response of the samples when 
... ; . ; rec«iyedin.said - - ' — i/^ 



V ^ : ^asecond magnetic field having ^-^^iert^ a 4 

15 : : fi^W to gener^e a second responSe'df the^s&iifaple^ vMa r^iv^d in siid sainple 5# 

s|)aee, said se^cond response^ con^spondin^td^nmnber of j^ufency shifts ^ 
..relative to said fiiist response^said fi^qufericyishifts ei^ ci>rrespondi^ ' 

a^prpcesspr operable to; dete^ine; a number of spfectfar char acteri^tions m a^^^ ^ 

20 function of said^first sainple .response and s^^^ s^nd re^orise^ tli^ spectral ' ^ ^ 

chai^cteiizati^nseachibeingrepresOT - ^ 



: ,c : , 2.. ; . The apparatus^^f claimul j wherein' smd fi^^^^ 

unshifted composite speejrum of the sariiijles, said secbhd response to a 

shifted composite speetnim oDf-the; samples, and said processor is opie^able to Establish a 
25 spectral mask for each of said detection coils fi-om said first response aiici-'said sedoxid ' 
response during determination of thb spectral characteri:iatf^ ^ - " ' ' ' ^ ^ ' ' 

}• .The apparatus of claims 1, wherein said prodeSsbV^s opei^fele^^^^ 
refereiice .decpnyolutipn during detemiination of the spectral charabtefriz^^^^^ " 

,-4. ^ The apparatus of claim 1 , wherein said processoHs opbrable tb pbiform 
30 multidimensional NMR analysis. ^ ' o > . . ' r v. , 

5. The ^paratus of claim 1, wherein the first magnetic field is generally 
homogeneous in said sample space. 
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6. . The apparatus of claim 1 i wherein said detesction; coils number at least 

four.^ 

7. The apparams of claim 1 , further comprising an NMR receiver coupled 
to said detection coils and a control to selectively adjust the gradient: 

^ ^ apparatus of claipi 1 ..wherein said sample holders are each in fluid 

communication with sample instrumentation to perfonn capillary elesptrophoresis,, - 
9. .""le^paratu^ 

in a probe device sized for insertion in said sample space, said probe device^including a 
vessel to dispos^ a susceptibility fluid abpijt said sample holders, when received in said 
10 sample space. 

,10. An^^pai^tus, cpmprising; _ , , 

an NNQl transmitter; . , . . 

an magnet device operable to provide a magnetic field for NMR analysis; 
a number of sample holders.each opprable to expose a corresponding one of a 
15 numbCT of samples to the magnetic field; , 

a plurality of detection coils each operable to detect , a respp 
corresponding one of the smiples to one or more signals fyom said NlVIR transinitter; 

, a number of tuning circuits each cpupled,ta a different one o? said detection 
' different one of said detection coils to a respnant frequency for the 

20 corresponding one of the samples; and , . , . ~ , . . . 

^ '^J^^^^^/^PWled to said detection cpilsi . . 

11. "I^e apparatus of claim lQ,v further cqmpri 
betyjreen^ fi^^t ope of fee.coi^.and ^a^^^^^^ 

12. The apparams of claim 10, further comprising a ground planebetween a 
25 first one ojf the coils and a second one of the cpils^ : - 

13. "ITieapparatusofclaim lOi wherein said tuning circm 
, least pne pperatorradjustable capacitor. 

14. The apparatus of claim 10, further comprising a number of transmission 
lines. e^chcpuple.d.between swd different oneo'f said detecjtion coils and a respective 

30 one of said turning circuits. ... 
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15; The apparatus- of cliaim 10, wherein said timing circuits are each 
operable to tune the resonant frequency for each of the samples to a common nucleus 
type. - ' ■ ' ^ ' 

16. The apparatus of any of claims 1-15, wherein: 

5 said' detection coils are each of a niicrocoil variety with a diameter of less than 

abouta millimeten and ^ ; r : < r;^ :v: ' ^ . ^ ^ 

siaid sample holders each' include a ihibeliispios6d wifhi^ a corresponding one of 
said detection coils. — ' ■ . - . . ^ . . < 

17. ' The apparatus of any of claims 1-15, wherein said detection coils are of 
10 a saddle or solenoid configuration. ' 

18. An apparatus, comprising: NMR probe device, said NMR probe device 
including: 

• a number of detection coils each operable to detect a signal froiri a " 
corresponding one of a plurality of samples imdeargoing NMR analysiis; 

15 a plurality of tuning circuits each coupled to a different otie'of said detection 

coils to tune said different one of said -detection^ coils' to a corresponding resonant 
* frequency for the NMR analysis of Uie cofre^onidihg bne of the samples; and ' ' 

• an' electromagnetic shield p6siti<ohed between a first one of said detection coils 
and a second one of said detectioii coils to isolate said finst one of said detection coils 

20 and said second one of said detection coils from each other. 

19. The apparatus of claihii 8, further comprising a plurality of sample 
holders each conresponding td oiie of-^aiid^^^^ . i - « ' 

20. An apparatus. Comprising: an^NMR probei deVice, sdd NMR provfe 
deviceiincluding: ' - ' - * • • ' 

25 a plurality of sample holders eaeh operable to expose a' different one of a ' ' 

pliirality of samples to a magnetic field for NMR analysis; * ' 

a plurality of detection coils each operable to selectively detect a' response from 
a corresponding one of the samples; and- . . 

a ground plane positioned between a first one ofisaid detection coils and'a' 
30 second one of said detection coils to decouple said first one of said cbils and said 
second one of said coils from each other. 

2 1 . The apparatus of claim 20, further comprising a plurality of tuning 
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circuits each coupled to a respective one of said detection coils. * ' . 

22. An apparatus, comprising: ^an NMR probe device to perform NMR 
analysis on a plurality of samples, said NMR probe device including: 

. a plurality of sample holders each operable to receive: a different one of the 
samples;.^ ; ■ , ^ ■ ^-.z.. ' ■ 

a^plurality of detection coils, each- operable to .detect a signal from a • 
corresponding one of the sspiples un4@rgoing the NMR analysis; * , » ^ - 

. . a plurality jpf^first timing^networks.ieach coupled to^ one ofsaid 

detection coils; _ ^ ; iriV/r.-^.^c^- • .. ' ^ ■ / • 

a plurality, at second tuning: networks each including at least one adjustable 
element; and . - ■ r ;.::"v--- ^ • . v -o:- . ; 

a plurality of transmission lines each electricallyxoupled between a^respective 
one of said first tuiiing networks md said'second.tuning ne^ . - i'^: j 

^ 23 . The apparatus of claim 22, further comprising an electiomagnetic shield 
positioned between a first one of said detection, coils and a: second one of isaid detection 
coils. 'V jn.'i' i i i ■ • -.v^ 

i24. The 3pparatu| of^claim 22, further comprising a ground plane positioiied 
between each of said detection coils. . - ^ ^ 

, : - . 25 . The apparatus of qlaim 22; wherein said .first timing networks are each 
operable to provide coarse resonant frequency .tuning to reduce power loss through said 
tr^smissiqn lines and said seconid tianing networksi are each operable to provide fine 
resonant frequency tuning for a common nucleus. ^ ■ • ^ - 

. w .:. 26: The apparatus of any of claims 18^-25, further comprising:- ' 

an NMR transmitter to provide an RE signal to excite the sanip ^ - " ■ 

a magnetic field, source proximate to a sample space configured to receive said 
probe device; and . r * ' - 

: ..2rt least :one NMR : : m; 

27. The s^paratus of any of claims 1 8>-25, wherein said detection' coils 
number ^twpprn^^ . . : . . 

28. The apparatus of any of claims 1 8-25, wherein one of said' detection 
coils extends along a first longitudinal axis, another of sHid detection coils extends 
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along a second axis, and said first longitudinal iaxis-ferosses said second longitiidinal 
axis at an angle between 45 and 1 35- degrees. ^ 

29. ,Jhe appaiatus of any of claims 18-25, wherein at least one of said 
detection coils is carried on axircuit substrate with one or more other components. 
5 30. The apparatus of any of claims 1 8-25, wherein said detection coils are 

each of a micnicoil variety wth.^ diameter of less ffian about 1 millimeter and said 
detection coils are each o£a;s61enoid Qrsaddlb'Gonfigufatidii.' - ' J 

3.1.:. The apparatus of any of claims 19 25, Whe^^^ 
include a tube disposed within a corresponding one of said detection coils. 
10 ' s The apparatus of claim 31; wherein iaid sample holders each include a 

tube disposed within a corresponding one of said detection coils. 

. 33, ^ A method, comprising: O': ^ t^ .r/- . . :^ )i ; r r. ; . ^ 

operating an spectroscopy system iRCludihg a sample space and a " - 
plurality,of detection coils each disposed about a c^irespohdihg one of a plurality of 
15 separated samples in the sample space; r o .f . v , n 

generating a first magnetic field in the sample space; 
:;detecting a first response of the sa^ 

field; . .X,.,. \* ' . : rj:. 

generating a second magnetic field in the stople sjpace, the second magnetic- 
20 field includiing.a gradient relatiye to the first niag^^ ; : ^ t : . , 

. . ' .detecting-a second re^onse fiom the samples during getieratibii 6f the second 

magnetic field; and .: ?: S r : v " .r ; - ; --.v-'y 

determining a plurality of NMR^spectra each corresponding tb a different one of 
the samples iii accordance with the first response and the second responses • 
25 . 34.: .Jhe method^ : 

multidimensional NMR analysis of the samples. ^ > 

35. The method of claim 33, wherein said deteimiiurig includes establishing 
a spectral mask,for each of the detection coils. . ? ■ " . 

36. The method of claim 33, wherein said detemfiinirig includes peffiSmiing 
30 reference deconyplution. , v_ .. . ^. / ^. 

i37. , :.iA:method; coiiiprising: s > v^; - > . : ./ . kU" i 
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generating a magnetic field with a predetemiined gradieiit in a sample space 
coptaiiiing a plurality of detection coils each disposed about a coireqjonding one of a 
number of samples;, - ...-!": 

detecting a number of sample, responses each corresponding to excitation of a 
resp^^ve one of the samples by a different excitation frequ^c^ during gaieration of 
the magnetic field; and , .... ; ^ .-.r^ -r- '-r ■ ' 

determming;anuml>OTQfTNMRsiHwt^ 

responses, the NMR spectral chMacterizations; each being rq>resefitki bf a different 
one of the sainples. . • . . , :•: .■.:«.•"• ' • 

. '^^^ method of claiio 37.' fi»rther comprising determining the diifferent 
excitation firequency for each of the samples as a function of a magnitude of the - 
gradient. , _ , . ; ■ 

39.^ Themethod of claim 37, wherein the samples are each consecatiV^^^ 
excited with the different excitation frequfericy. ' - ' ; = 

."^e method of any of claiiM. 33-39, where 
excite the corresponding one of the samples. - ' - * 

. 41. . ,The methQd,pf.anyoficlaims-33-39, wherein the sample responses each 
corre^poiid to a spectnmi for die diff«-entone of - • ' ■ - 

42. The method of anyiof claims 33-39, wherein the dbtectioft Cbils nitoiber 
20 at least fp^. . . . , , • ^ '.t;. j ■ ' ■•'-■a 

. - f . The method of any of . claims 33-39, wherein said detection coils nuirib^r 
at least four and are each of a microcoil variety with a diameter of less thah'^bui^ r ■ ' 
millimeter. . , - . . . ' • = , >^ .. 

i.r Themethod of any of claims 33-39, wherein the detection coils ai-6 each 
25 disposed about a respective one of a number of tubes, and the tubes are each arranged 
to receive thecorr^sponding one of the samples; • • ' ^ • 

providing an NMR spectroscopy system including a magnetic field source " ^ ' 
proxiniate to a sample space; : •. ' ' : . - . 

positioning a plurality of sample holders in the sample cavity, the saitfple 
holders each can;yinga diff(gFent one of a plurality of detectibii coil's; 
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orienting a first one of the. detection coils relative to a second one of the 
detection coils to minimize crpss^talk between the first one of the detection coils and 
the second one of the detection coils based on geometry of the first one^ of the detection 
coils and fte second one of the detection-^ 
^ 9??^^^?^S *e NMR si>ecti:o3copy system to analyze a'pluraliiy of different 

samples each disposed in a corresponding one of the sample holders. 

. x^^- - 7^® ^^thqd of claim 45, wherein* the detection coils ekch extend along a 
req)ective longitudinal axis, a^^ 

of the detection coils crosses the respective longitudinal axis of the se£bhd 
10 one of the detection coils at an angle.in a range froni about 45 degrees to about 135 
degrees. .; .. . ^ • v 'V- ' ' I ^ - ' 

47. The method of claim 45, wherein the detection coils are each of a 
solenoid or saddle type, being positioned about a respective centerlihe axis, and the 
respective centerline axis of the first one of the detection coils is oriehted at 
15 approxix^ately a right angle relative to the respective centerline axis of the STCond one 
of the detection coils. - / : 

. . : • The method pfclaim 47,- wherein the respects 
each of the detection coils is,prientpd at approximMely^a right angle to the respective' 
centerUne axis pf adj acent one of the detection coils. ' ' 
20 49. The method of any of claims 45-48, further comprising positibhing m 

electromagnetic shield between^e fifst-orieof the detection coils and the second one of 
the detection coils. ■ ■•. f ^ >• s.. / ;v* ^. v : - 

50. The method of any of claims 45-48, further comprising positioning ^ 
grpund pla^ie bet>yeen the (first one of therdeteGtion coili; and the second one of the 

25 detecition coils^ . . ^ . ^ ; ; - . : . ~ . ■ -« ' 

5 1 . The method of any of claims 45-48, furtlier comprising providing a ' 
number of adjustable tuning circuits each coupled to a corresponding one of detection 

coils. ..... . ■ ■ . " , ^ / j^' ; ' ' J " '1 

52. The metiiod of any of claims 45-48, wherem the NMR spec Wsdopy^ " * ' 
30 system includes:: ,w . . . . - : ■ \ . - 'ri ::-c'm 

an NMR transmitter to provide an^RF signal' io»excite the stoiplbs;* * ' ^ ' " ' ' 
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a magnetic field source proximate to a sample space configured to receive said 
probe device; and ' - 

at least one NMR receiver. 'v' - ■ ' ^ " ■ • 

53.. The method of any of claims 45248,- whefeiii the detection coils number 
5 two pr more, and JEiirther comprising a j>iuiaiity citcuil Wbstrates'babh m a 
ground plane and: carrying one or mc>re of the'detdctibii coils. - * 

54. The method of any of claims 45-48, wherein the detbfctidn coils are each 
of a microcoil variety with a^diametisF of l^s than about 1 millimeter. ' ' ' ' 

:S5. ; An apparatus^ coiripnsi^ an NMR probe'^idevice, including: 
10 an RF excitation source; :- r^^ . vr r v : ' • > ^: : r 

a first coil operable to be disposed about a first sample to detect a fifst s^ple 
response to an excitation signal fi-om said RF excitation isoiiirce; ^ " 

a sepond coil operable to be disposed abbiit a second sample to detect a second 
sample response to the excitation signal, said second coil being coiinWted ih iseri^s with 
15 isaid first.coil;^.arid - 'A-'^^^- - '"^"^ '^-'-^ • 

wherein said first coil and said second coil are disposed relative ib saidl RF 
excitation source to^provide a phasfe^diffefehce between be first sample fS^onse and 
the second sample reisponse to^t rea!st pa^ 

componentsxorrespondingito a cl>]]unon ithatieriWr iii the fiist stoii^le and the second 
20 sample. 

: ; 56; r The^apparatus of dl^-55; whereih said first c<iii kfiSl said second coil 
are geometrically oriented to prbVideVsfaid phase di^Fererice of about 180 degreed ' 

57. The apparatus of claini 55, fiirther cbrnprisiiig a first sample holder ' 
disposed within said first coil to receive thb first sariiple a^ second sample holder 

25 disposed within said second coil to receive the second^ ' ^ ^ ' 

58. :. The apparatus of claim 55, wherein said fir^t c6il and said second coil 
are each of a saddle or solenoid configuration. 

> .59. J LThe ^pMlatus of any of claims 55-58, furthefcdnaprising an excitation 
coil positioned about said lirst coil and said second coiL * ' * 

30 60. The apparatus of claitn 59, wherein said fifst coil is positioned about a 

' first.axis,;said;second coil is positioned about a sieicoiid axis, said exditatiori coil is 
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positioned.about a third axis, and said first and second axes are/generally perpendicular 
to said third axis. 

61. The apparatus of any of claims 55-58, wherein said RF excitation 
source includes and NMR^traMniit^^^ coupl^ to said first coil and said second coil to 
excite the first sample and the second sample in;parallel^andfurther*cdmprisirig: 

a magnetic field sQurce proximate te a sample space configured to receive said 
probe device; and .. . ; ■ n -.o;-- ^ ' ■ \- : r ^ 

at least one ^!^MR receiver coupled t:o ssdd firstcoil mid said secoti^^^ 

62. ,The apparatus of any of claims 55-58, 7;rf:iei'din said first coil and said 
second coil are each of a microcoil variety with a diameter of less tiian about 1 ' 
millimeter. ^ , .. . ... . - . — i 

63. A method, comprising:, : _ j.c s ^ ■ ; ' v 

, prep^g a first sample comprised of a^jsolVentarid a second sample comprised 
ofamxto :. i: .-: h,.: '« .c 

exciting the first sample and the second sample to perform NMR analysis of the 
analyte; and .:.^.r. . , . — -. -^-v;; v.,..:. ^ -r- : 

, detectip^ response with ^a^fi^st Coil and a second sample response 

with a sea^n4.ppil,.the first sample response including a phase difference relative4o the 
second^ample rqspQiise .to rqduce solve^it intCTference with the NMR analysis of the^ 
analyte. ...c - v 

_ 64- , JTiQ method of cla^ 63, wh^ein said exciting includes exposing the 
first sample and the second sample to an;-RF signal radiated by an.excitalion coih" 
disposed about the first coil and^the secq?id coil , -r- 

- ^ "^f^^^ pf^^J^i^ 63, wherein said exciting mcludes providing an RF 

signal to the first sample with the first coil and to the second sample the second coil. 

66. ^ Jhe method of claim 63, wherein the phase difference is approximately 
180 degrees. , , - . v ^ . 

67. TliemethpdQf any of claims 63-.66, fiutherxomprisingdis^^^ 
sample holder disposed within the first coil to receive flie first sampleiandta second 
sample holder vnthin the second coil to receive the second, sample. : . " 

The.method of any of claims 63-0.6, wherein the first coil and fee second 
coil are each of a microcoil variety with a diameter of less than about 1 millimeter. 
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69. The method of any of claims 63-66, wherein the first coil and the second 
coil are each of a saddle or solenoid geometry. 

70. The'^^method of any of claims 63-66, wherein the first coil is wired in 
5 series with the second coiL 
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